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Contributions to the Embryology of the
Marsupialia.

By

Jas. P. Hill, B.Sc.(Ediii.), F.L.S.,

Demonstrator of Biology in the University of Sydney, N.S.W.

With Plates 1 and 2.

II. On a Further Stage in the Placentation of Perameles.

In the present paper I deal with a stage in the placenta-

tion of Perameles somewhat later than my previous Stage D
(1). Beyond the demonstration of the persistence of the entire

yolk-sac wall, no strikingly new facts have been brought to

light in the investigation, but I have been enabled to essen-

tially confirm my previous account, and also to add some

fuller information on certain points of detail, especially as

regards the yolk-sac vessels. In addition, I give an account,

in the sequel, of the foetal membranes of a species of

Macropus, for comparison with those of Perameles, and I

also take this opportunity of offering some further remarks

on the phenomena of parturition, and of correcting a mis-

interpretation contained in my previous account of that

process, since an extended investigation^ into the morpho-

logy of the female urogenital organs of Perameles, with

special reference to the phenomena of parturition, has con-

^ Communicated to the Linnean Society of New South Wales, March,

1899.
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2 JAS. P. HILL.

vinced me that " the common uterine canal " of my former

paper is in reality formed by the union posteriorly of two

median vaginal cul-de-sacs^ which constitute a median

vaginal apparatus homologous to that existing in other

Marsupials. If for the above misleading expression the reader

will substitute common median vagina, the main facts in my
previous short account of the process of parturition remain

substantially correct.

It is with much satisfaction, in view of my interpretation

of the allantoic placenta of Perameles as a primitive feature

of its organisation, that I am thus enabled to bring its appa-

rently peculiar parturition phenomena into line with those

occurring in certain other Marsupials, which, like Perameles,

give birth to the young through a direct median passage.

Further, the investigation above referred to has led me to

the conclusion that the urogenital organs oi Perameles are in

a condition which can only be described as persistently

embryonic, and which is without doubt much more primitive

than that existing in any other Marsupial hitherto described,

a conclusion which I believe serves materially to strengthen

the position I have taken up as regards the significance of

the occurrence of an allantoic placenta in the genus.

My work for the past year has been carried out with the

aid of a grant from the Royal Society, to whose Committee I

desire to express my grateful thanks.

Stage D.—P. obesula.

The female, a specimen of the short-nosed Bandicoot, P.

obesula, upon the examination of whose genital organs the

account of the present stage is based, came into my hands a

few hours after death. Post-mortem change, however, was

not at all apparent, and the genital organs were at once cut

out and preserved in picro-nitric acid.

Both uteri were much enlarged ; the right measured 22 mm.
in length by 11 mm. in breadth, the left 21 mm. by 15 mm.
Each contained a siugle embryo (PI. 1, fig. 3), measuring in
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greatest length 12"5 mm. and in head length 6'5 mm. Its

structural characteristics are given in the Appendix.

Both uteri were submitted to macroscopical examination,

while the right uterus and its embryo were alone examined

microscopically.

FcETAL Membranes.—In fig. 1, PI. 1, the embryo is

shown in situ in the right uterus, the ventral wall o£ which

has been removed. It was noticed at once that the yolk-sac

wall was not even slightly adherent to the surface of the

mucosa. Whether this non-adherence is due to post-mortem

change or to natural causes I am unable to decide. It is

quite possibly due to the latter, since the yolk-sac placenta is

now in a largely degenerated condition.

In the figure, the vasculur omphalopleure and the yolk-sac

splanchnopleure, which were cut through along their line of

attachment to the margin of the allantoic placental area, have

been reflected outwards. The embryo is seen lying on its

right side, with its head end next the anterior end of the

uterus, and its long axis in the antero-posterior axis of the

same. In the left uterus the head of the embryo lay next

the posterior end of the uterus, so that its position is an

inconstant one. The embryo is situated, of course, in the

extra embryonic splanchnoccele, which has been opened into

by the reflection of the yolk-sac splanchnopleure, and is

invested by the amnion. The latter is reflected from the

distal end of the thick stalk, which arises from' the mid-region

of the ventral abdominal wall. This stalk—the umbilical

stalk (fig. 1, u. s.)—is a tubular prolongation of the abdo-

minal wall, which encloses a portion of the coelom, and the

upper ends of the allantoic and yolk-stalks (fig. 4, PI. 1).

From the yolk-stalk the yolk-sac splanchnopleure is I'e fleeted

closely round the embryo. It becomes continuous with the

vascular omphalopleure, along the line of union of the latter

with the marginal zone of chorion which is present round the

allantoic placental area.

The allantoic stalk (fig. 1, all. s.), on leaving the umbilical

stalk, passes outwards and forwards, and then, curving
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mesially, forms a single loop upon itself, hence it passes over

tlie right side of the embryo to reach the centre of the allan-

toic placental area (fig. 1, jpl. a.), a portion of which is visible

in the figure, just behind the back of the embryo. In fig. 2,

PI. 1, the embryo has been removed to expose the placental

area. In both uteri the placental area is roughly oval in

shape, as in Stage D, and situated on the mesial side of the

uterus. It is bound by a continuous ridge-like thickening of

the mucosa, so that the area itself appears depressed below

the general level of the inner surface of the uterus. Through
the thin walls of the vesicular portion of the allantois the

irregularly ridged surface of the placental syncytium could

be made out. The inner surface of the mucosa of the rest of

the uterus also presents a ridged appearance.

The placental area oi the right uterus measures approxi-

mately 8 mm. in length by 6 mm. in breadth ; that of the left

uterus was somewhat larger, measuring 6*5 mm. by 9 mm.
The allantoic stalk has now a length of about 16 mm., i. e. just

double the length of the stalk in the preceding Stage D, and

it is now also just about double as thick as in that stage.

As in previous stages, the outer or placental surface of the

vesicular part of the allantois is found not to occupy the

entire extent of the original chorionic area, but there is left

outside its margin, i. e. outside the margin of the placental

area, a narrow annular zone of persistent pure chorion, which

surrounds the placental area, and which is attached on the

one side around the margin of that area, and on the other

passes into the vascular omphalopleure, along the line of

junction of the latter with the yolk-sac splanchnopleure

(PL 2, fig. 6, c/^.).

The placental area of the present stage as seen in surface

view is essentially similar to that of Stage D. The allantoic

stalk (PI. 1, fig. 2, all. s.) is seen to join the inner surface of

the flattened vesicular portion of the allantois near its centre.

In the stalk run the two allantoic arteries and the single vein.

The latter is situated above the two arteries, and is hence not

visible in the figure. At the distal end of the stalk the
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vessels branch out over the inner (coelomic) wall of the

vesicular part of the allantois. The two arteries—one running

forwards to supply the anterior portion of the placental area,

the other passing back to similarly supply its posterior

portion—eventually divide, each into two branches. These

pass outwards, dividing as they go, to the margin of the

allantoic vesicle, round which they and their branches pass

to reach its outer or placental surface, where they break up

into capillaries in the allanto-chorionic mesenchyme.

The allantoic vein is formed by the union of two main

factors (fig. 2, all. v.) which accompany the corresponding

arteries. The main arterial branches are each accompanied

by a corresponding venous trunk, but the smaller arterial

branches may or may not be so accompanied. The vitelline

artery (fig. 2, vit. a.), emerging from under the distal

margin of the umbilical stalk, passes in the yolk-sac

splanchnopleure, at first almost directly backwards, then

curves mesially and slightly forwards to reach the margin of

the chorionic zone, where it passes over into the vascular

omphalopleure. There it at once divides into its two

branches, which, diverging in opposite directions, form the

sinus terminalis (figs. 1 and 2, s. t.), the two branches being

united by a delicate anastomosis.

The vascular omphalopleure (figs. 1 and 2, vase, omph.) is

readily distinguishable macroscopically from the bilaminar

omphalopleure (figs. 1 and 2, Ml. omph.) lying outside the

sinus, by its more opaque appearance and yellowish colour.

Owing to the fact that the vitelline artery at once divides

on reaching the vascular omphalopleure, the vascular area

has at this point no existence, but as the two branches of the

artery pass out, they at the same time diverge away from the

margin of the placental area, and the vascular ai*ea thus

gradually increases in width until a maximum of 5 mm. is

reached about opposite the point of bifurcation of the

vitelline artery. The vascular area has a maximum diameter

of 12"5 mm. It will be shown later that the extent of the

vascular area of the Perameles embryo of this stage is
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considerably less than that of a Macropod embryo at a

somewhat earlier stage of development. What, however,

especially characterises the vascular area of this stage, as

well as that of my preceding Stage D, is its relatively

extremely poorly developed capillary system. Branches

are, indeed, given off from the sinus into the vascular area,

but these are small and by no means numerous, and ap-

parently undergo very little secondary branching.

I describe below the foetal membranes of an embryo of

Macropus parma, and from that account and the accom-

panying figure (PI. 2, fig. 9) it will readily be seen that

the branches given off from the sinus terminalis into the

vascular area are not only numerous but richly branched
;

they form a highly developed capillary system, almost entirely

unrepresented in Perameles, in correspondence with the fact

that in Macropus the embryonal nutrition is carried on

solely by means of the yolk-sac vessels of the vascular area,

while in the Perameles embryo of this stage the allantoic

circulation is now playing the dominant part in the nutrition

of the embryo, only an insignificant proportion of the nourish-

ment necessary for the growth of the latter being conveyed

through the yolk-sac vessels. In my previous paper I put

forward the suggestion that probably the entire yolk-sac wall

disappeared before the end of intra-uterine life. The present

stage, however, shows that, at all events up to this period

of development, the entire yolk-sac wall remains intact,

although greatly reduced in functional importance, as shown

by the poor development of its vessels.

The yolk-sac splanchnopleure is supplied with blood by

numerous fine wavy vessels (fig. 1, a. v.), which arise directly

from the vitelline artery—especially from its first part—as it

courses over that membrane. In fig. 2 one main branch is

seen passing from under the free margin of the umbilical

stalk. It divides up into numerous small wavy branches

which pass up parallel with the vitelline veins. Behind this

numerous branches arise separately from both sides of the

artery (fig. 2, vit. a.). In the terminal part of the course of
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the lattei' fewer and shorter branches are given off. The
blood from these fine vessels apparently passes over into the

vascular area at the line of junction of the splanchnopleure

with the vascular omphalopleure.

Semon (2) has also described the occurrence of similar fine

branches of the vitelline artery in the two forms examined

by him (^pyprymnus rufescens and Phascolarctus
cinereus), and such also occur in Macropus parma.
The blood from the vascular area is returned by two

vitelline veins (figs. 1 and 2, vit. y.),each of which is formed

by the union of two main factors^ shortly after they enter

the yolk-sac splanchnopleure. As in Stage T), the two

vitelline veins run back in the splanchnopleure over the left

side of the head of the embryo (fig. 1), enclosing between

them a narrow triangular area altogether devoid of vessels.

The two veins gradually approximate as they pass back and

eventually run side by side. In this region the amnion is

found connected with the yolk splanchnopleure by a narrow

wedge-shaped band of mesoderm which separates the two

veins (PI. 1, fig. 5, mes.). This narrow connection is all

that is now left of the much larger pro-amniotic remnant

seen in Stage D. Not only is the area now less in extent,

but the mesoderm has penetrated completely across it. The
ectoderm of the amnion over the remnant is thickened (fig.

5j ect.), the cells being club-shaped in form, with the nucleus

situated in the outer projecting part of the cell. The ento-

derm of the yolk-sac splanchnopleure over the remnant is

likewise thickened, but irregularly (fig. 5, eni.).

As the vitelline veins are traced back towards the umbilical

stalk they gradually become smaller, and at the same time

pass over from the yolk splanchnopleure towards the amnion,

in the now greatly thinned bridge of mesoderm of the pro-

amniotic remnant, which posteriorly becomes continuous with

the thin, attenuated yolk-stalk carrying the vitelline artery.

At the anterior margin of the umbilical stalk the two veins

unite into a single trunk. This runs up in a thin fold of

mesoderm continuous with that of the pro-amniotic remnant,
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and which connects the yolk- stalk with the inner surface of

the tubular umbilical stalk (fig. 4). In the upper part of the

umbilical stalk the vitelline vein becomes considerably

reduced in size, and is a much smaller vessel than the

allantoic vein. In this stage the vitelline vein is very re-

markably reduced as compared with the same vessel in

Stages C and D. The vitelline artery in the upper part of

the umbilical stalk is also a quite insignificant trunk, about

half the size of one of the allantoic arteries, although its

diameter is considerably greater as it courses over the yolk-

sac splanchnopleure. These facts are sufficient to show that

at this stage the yolk-sac vessels play a quite insignificant

part in the nutrition of the embryo as compared with their

functional importance in Stages C and D.

The bilaminar omphalopleure calls for no special mention

here, beyond the remark that it composes the larger half of

the entire surface of the globular embryonic formation.

Structural Details.

The following account of the structural features of the

uterus and foetal membranes is made very brief, in view of

the close agreement of this stage with my previous Stage D.

In writing up the present paper I have had, after an interval

of a year, to carefully re-examine many of my old prepara-

tions, and compare them with those of this stage, with the

result that I am able to substantially confirm my previous

account.

I. Uterus.—The serosa, muscularis, and corium present

essentially the same appearances as in Stage D. The uterine

glands are considerably enlarged, and lined by a low cubical

epithelium ; and very numerous blood-vessels occur in the

much attenuated interglandular connective tissue.

(rt) Allantoic Placental Syncytium.—This has the

same average thickness as in Stage D, viz. '12 mm., and shows

no differences from that stage worthy of remark beyond the

fact that its capillary system is somewhat better developed,
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the capillaries being on the whole larger. As in that stage,

owing to the projection of the superficial capillaries, the

syncytial surface presents an irregularly ridged appearance

(PL 2, fig. 7, syn. c).

(6) Syncytium beyond Allantoic Placental Area.

—

The portion in contact with the vascular omphalopleure is

also of the same average thickness as in Stage D, viz. '09 mm.
In other respects also the same features are visible. The
supei'ficial capillaries are fairly abundant, but on the whole

very much smaller than those of the placental area, and not

quite so well developed as in Stage D.

The syncytium in contact with the bilaminar omphalopleure

is a thinner and much less regular layer, and less vascular.

II. FcETAL Membranes.— (a) Chorionic Ectoderm.

—

Over the placental area usually single, much degenerated, and

deeply staining chorionic ectoderm cells are still to be found,

but are not numerous. Of the marginal zone of chorionic

ectoderm, seen persistent in Stage D, only traces now remain,

in the form of isolated and often much altered cells. Occa-

sionally such cells are found forming the transition to the

ectoderm of the zone of pure chorion (PI. 2, fig. 6, ch.) which

exists between the outer margin of the allantois and the

vascular omphalopleure (PI. 2, fig. 6, ch. ect.) . The ectoderm

cells of this chorionic zone are usually enlarged close to the

margin of the placental area, but rapidly diminish in size as

they pass outwards.

(6) Allantois and Allantoic Placenta.—The allantoic

stalk is more or less rounded in section, and where it lies

enclosed by the umbilical stalk has a diameter of '5 mm.
The allantoic canal (fig. 4, all. cl.) is no longer perfectly con-

tinuous, and its entodermal lining is only recognisable in

places. Curiously enough, the allantoic vessels appear to be

smaller than in Stage D, but the difference in size is not so

disproportionate as in the case of the vitelline vessels in the

two stages. As regards the vesicular portion of the allantois

and the allantoic placenta, I have little of importance to add

to the description already given of the same parts in Stage
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D. It may be meutioned that small numbers of maternal

leucocytes occur in the allantoic cavity.

A fairly typical section of the allantoic placental area is

shown in PL 2, fig. 7, from which it will be seen that, except

perhaps for an increase in size of both foetal and maternal

capillaries, the description already given of the allantoic

placenta in Stage D holds good certainly up to this stage of

gestation, and without doubt also for the whole period of

intra-uterine life, a conclusion already arrived at from the

conditions presented by the post-partum uterus described in

my previous paper.

(c) Vascular Omphalopleure and Yolk-sac Placenta.

—The entodernial cells of the vascular omphalopleure, some of

which were found in Stage D to be undergoing enlargement,

are now found to have all increased in size, and to form a

uniformly much thicker layer than in that stage. The cells

are mostly somewhat cubical in form, with rounded projecting

ends (PI. 2, fig. 8, ent.). Their protoplasm and nuclei stain

deeply. Over the sinus terminalis (fig. 8, s. t.) the entoderm

cells are also enlarged and, as in previous stages, club-shaped

in form, with the nucleus situated in the outer projecting

part of the cell.

It seems highly probable that this hypertrophy of the

entodermal cells of the vascular omphalopleure, commencing

as it does about the time the allantoic placenta begins its

functional activity, is to be associated with the functional

retrogression of the yolk-sac placenta, consequent upon the

establishment of the allantoic one. For, whether the ecto-

derm of the vascular omphalopleure be adherent to the

surface of the syncytium or not, the condition of the yolk-sac

vessels shows us that the yolk-sac placenta, if we can any

longer speak of such, is now functionally the mere shadow of

its former self. The ectoderm of the vascular omphalopleure,

though still a comparatively thin layer, is slightly thicker

than in preceding stages, the cell bodies being richer in

protoplasm (PI. 2, fig. 8.).

{d) Bilaminar Omphalopleure.—The ectoderm of the



EMBRYOLOGY OP THE MARSUPIALIA. H

bilaminar omplialopleure (PI. 2, fig. 8, ect.) is just about

double as thick as that of Stage C. The cells are large and

somewhat irregular in shape, with projecting outer ends.

Their protoplasm is considerably vacuolated. In Didelphys,

according to Selenka (3, pp. 137 and 138), the ectodermal cells

of both the vascular and bilaminar omphalopleure undergo

enlargement during the last two days of intra-uterine life.

Selenka regards the enlargement of these cells as associated

with their functional activity in transmitting the secretion of

the uterine glands into the yolk-sac, but here again I am
inclined to look upon the hypertrophy as a sign of degenera-

tion.

The entoderm of the bilaminar omphalopleure is a very

much thinner layer than the ectoderm, and consists of flat-

tened attenuated cells (PI. 2, fig. 8).

III. Genital Organs.—As I have already given elsewhere i

an extended account of the structure of the urogenital organs

and of the main phenomena connected with the act of parturi-

tion, a brief resume of some of the results of that portion of

my investigation will here suffice.

The female of the present stage proves to have been in

her first pregnancy, as shown by the condition of the genital

organs.

Each uterus passes back and opens into a short blindly

ending canal, the median vaginal cul-de-sac, which is

externally not marked off from the uterus, while internally

the OS of the latter is exceedingly ill-defined, a condition

which led me in my previous paper to misinterpret the

vaginal cul-de-sacs as posterior prolongations of the uteri.

The two vaginal cul-de-sacs, separated by a common partition

wall, lie embedded in the connective tissue of the anterior end

of the urogenital strand between the lateral vaginal canals,

here bent slightly outwards. From the anterior ventral end

of each cul-de-sac, just below the opening of the uterus, there

passes forwards in the connective tissue underlying the

posterior portions of the uteri (uterine necks) the anterior

> ' Proc. Linn. Soc. N.S.W.,' March, 1899.
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forwardly directed portion of the lateral vaginal canal, to

open into the base o£ the corresponding vaginal caecum.

The latter, functioning as a receptacnlum seniinis, is simply

an outgrowth of the lateral vaginal canal at the point at

which it bends round to pass posteriorly. Throughout their

entire extent the lateral vaginal canals are embedded in the

tissue of the urogenital strand, which represents nothing else

than the persistent genital cord of the pouch young.

Sections through the urogenital strand of this stage show

that the connective tissue separating the lateral vaginal

canals, in which in uni- or multi-parous females the pseudo-

vaginal passage is found to occur, is quite uniform in

character, and only differs from that of the virgin in being

very vascular.

In females, then, which have not given birth to young,

the two median vaginal cul-de-sacs do not open into each

other, and, as I pointed out before, no trace of a pseudo-

vaginal passage is present. But after parturition has once

been effected, the two median vaginae are found to open into

each other posteriorly to form a short common median vagina,

and from this the pseudo-vaginal passage leads away. The

young in Perameles thus reach the exterior by way of a

median passage constituted in front by a short epithelially

lined tube a few millimetres in length—the common
median vagina—and behind by a relatively extremely long

cleft-like space, 3 to 4 cm. in length, entirely destitute of an

epithelial lining—the median pseudo- vaginal passage

—

situated in the connective tissue between the lateral vaginal

canals.

In the paper above referred to the phenomena of parturi-

tion are described at length, and the conclusion is arrived at

''that Perameles, in respect to the phenomena connected

with that process, stands in no way alone amongst Marsupials

as an aberrant and specialised type, but, quite on the contrary,

exhibits more primitive features in the mode of birth of the

young than are shown by any other Marsupial hitherto

descinbed as possessing a direct median passage." In
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concluding the description of this stage I may remark that,

since the completion of my previous paper on the placenta-

tion of Perameles, I have discovered that the native cat,

Dasyurus viverrinas, is also provided with a placental

connection of a somewhat complex nature and probably of

yolk-sac origin, but whether or not there is also present an

allantoic placental connection I am unable to state. My
series of stages is as yet very incomplete, and does not

permit me to enter into details, but it is certain that over

some portions of the inner surface of the uterus there is

present a syncytial layer formed by the fusion of the ectoderm

of the bilaminar omphalopleure with the uterine epithelium,

the nuclei of which form nests, vividly recalling the similar

nuclear nests of the syncytium of Perameles, and this conjoint

layer is vascularised by maternal capillaries. But whereas

in Perameles the syncytium clothing the inner surface of the

uterus is entirely of maternal origin, being derived from the

uterine epithelium, in Dasyurus it is partly of foetal origin

(fcetal ectoderm) and partly of maternal origin (uterine

epithelium)

.

The fcetal membranes are left behind in the uterus after

parturition, and, as in Perameles, the fcetal and maternal

portions of the placenta are absorbed in situ through the

agency of maternal leucocytes. In other words, the placenta

of Dasyurus, like that of Perameles, is contra-deciduate in

character. We have, then, in any discussion bearing on the

general question of the significance of the occurrence of an

allantoic placenta in Perameles, to face the fact that a placenta

of the contra-deciduate type has been found to exist in two

distinct genera of Polyprotodont Marsupials, and that the

uterine epithelium in both forms undergoes an essentially

similar transformation into a syncytium vascularised by

maternal capillaries.
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Appendix.

Organisation of Embi'yo, P. obesula.

(Plate 1, fig. 3.)

Measurements.—Greatest length, occiput to rounded

hinder end of body, 12"5 mm. Head length 6'5 mm.
Form of Body.—Head raised, but not so much as in

new-born, and forming an acute angle with the trunk. Pro-

minent snout. Slight neck protuberance. Lips fused late-

rally to form " Saugmund," the line of junction still

recognisable. Mouth lozenge-shaped. Tongue projects

prominently from mouth, and is grooved dorsally. Eyes

distinct, roughly oval in shape, and not covered by epi-

trichium. Eyelids not yet united. Position of lachrymal

duct recognisable. Position of external ear just recognis-

able, covered by epiti'ichium. In front of cloacal opening is

a small projecting '' genital Hocker."

Limbs.—Much as in new-born, except that the claws are

less developed. Fore-limb flexed at elbow, and palmar sur-

face directed backwards. The first and fifth digits quite

small tubercles ; second, third, and fourth provided with

short, blunt, recurved claws ; the third digit the largest.

Hind limb paddle-like, with plantar surface directed me-

sially. Digits all indicated, but not free from each other

;

the fourth the largest.

Notochord and Vertebral Column.—Notochord intra-

vertebrally constricted. Marked cartilaginous centra with

transverse processes and neural arches, the latter not yet

united above the spinal cord.

Nervous System.—Marked fissura arcuata along mesial

hemisphere wall. Corpus striatum not yet prominent. Bud-

ding from hypophysis anteriorly, but not very marked.

Eye.—Outer wall of optic cup about half pigmented.

Ovalish lens cavity. Optic stalk solid in its middle portion.

Eyelids not yet united. Eye muscles developing.
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Ear.—Semicircular canals formed. Cochlea bent. Periotic

capsule partly pro- cartilage, partly cartilage. External audi-

tory meatus plugged by epidermal cells.

Nose.—Much as in new-born. Choanae formed; turbinal

projections arising, and Jacobson's organ formed and its

cartilage present. Solid lachrymal ducts, which reach the

nasal epithelium.

Mouth.—Palate formed, and invests glottis posteriorly.

Club-like tooth germs, but no enamel organs. Tongue

grooved and with distinct taste-buds. Submaxillary salivary

glands open into mouth.

Alimentary Canal, etc.—Lateral thyroid Anlagen on

sides of trachea. Thymus Anlagen approximated in their

middle regions, but free posteriorly. Extensive pancreas,

its duct opening into bile-duct. Lungs with numerous simple

alveoli. Cartilaginous rings round trachea. Diaphi-agm

complete and muscle-fibres developing in it. Intestinal loop

no longer projects at navel.

Heart and Vessels.—Ventricular septum not yet com-

plete. Auricular septum complete and a foramen ovale

present. Sinus venosus still extensive. Truncus aortse

almost completely divided. Left ductus Botalli present.

Single dorsal aorta. Renal portal circulation in connection

with Wolffian bodies. Allantoic circulation greatly pre-

dominates over yolk-sac circulation.

Urogenital System.—Mesonephros of large size. Peri-

toneal funnels of Mullerian ducts present. Commencing
renal tubules. Ureters open into urogenital sinus mesially

to Wolffian ducts. Genital Leisten prominent. Sex ?

Skin and Skeleton.—Thin nucleated epitrichial layer

on epidermis. Hair Anlagen well advanced on head. No ossi-

fication in cartilaginous skeleton. Pre-maxillary, maxillary,

and palatine ossifications. Rudimentary clavicle ossified.^

1 This is also present in the 8"75 mm. embryo of Stage D.
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III. On the Foetal Membranes of Macropus parma.

The following account of the foetal membranes of this

small wallaby is based on the examination of a single em-

bryo from the left uterus, for which I am much indebted to

my friend Mr. J. J. Fletcher, M.A., B.Sc.

Historical.

In 1834, Owen (4) gave an account of the foetal membranes

of an embryo of M. major, 7 lines in greatest length; but

although no allantois was found in this embryo, he stated,

from the presence in young mammary foetuses of " the Kan-

garoo, Phalangista, and Petaurus," of ''the remains of

a urachus and umbilical vessels," that '' it would appear that

an allantois and umbilical vessels are developed at a later

period of gestation, but probably not to a greater extent

than to serve as a receptacle of urine" (4, p. 342). The

accuracy of this conclusion he definitely established in 1837,

through the examination of a uterine embryo of M. major,

10 lines in length. He says (5, p. 83), " Below the neck of

this [vitelline] sac there is extended a second pyriform sac,

about one sixth the size of the vitelline sac, having numerous

ramifications of the umbilical vessels and constituting a

true allantois. This sac was suspended freely from the end

of the umbilical cord ; it had no connection at any part of

its circumference with the chorion, and consequently was

equally free from attachment to the parietes of the uterus in

which the foetus was developed."'

Between 1837 and 1881 nothing of importance seems to

have been published on the embryogeny of Macropus. In

the latter year Chapman again described (7) the foetal mem-
branes of M. major, " six eighths of an inch in length from

the mouth to the root of the tail." His account essentially

* Owen states that he was anticipated in the description of the allantois of

this embryo by Coste (6), with whom he had examined the foetal membranes.
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confirms Owen's observations, and adds nothing of import-

ance thereto. In 1884, Caldwell (8), in a paper on the

arrangement of the foetal membranes in Marsupials, first

clearly pointed out that the embryo lay in the splanchnocoele,

suiTounded by the invaginated upper portion of the yolk-

sac wall. He described the oreneral arranofement of the

foetal membrane in Phascolarctus cinereus, and showed

that the allantois in this form fuses with the discoidal area of

true chorion. He also referred to the membranes of M.
rufficollis, but in such a way as to lead the reader to

suppose that in this form also the allantois fuses with the

chorion.

Semon (2), in 1894, described the foetal membranes of

Phascolarctus cinereus (confirming Caldwell's discovery

of the fusion of the allantois with the chorion), as w^ell as

^pyprymnus rufescens. In this latter form he insisted

on the rudimentary character of the allantois and its non-

fusion with the chorion, and expressed the opinion that such

a condition would be found to hold good for the Macropodidae

in general. In 1895 I shortly stated (9) that such was

certainly the state for four species of the genus, viz. M.

parma, M. ruficollis, M. robustus, and M. major.

The present communication deals with M. parma alone.

External Characters of Embryo.

The embryo, at least so far as external characters go,

appears to be in a somewhat earlier stage of development

than the previously described embryo of P. obesula. Un-

fortunately it is not sufficiently well preserved for sectionis-

ing. It has a greatest length of 10 mm., and a head length

of about 6 mm., and is characterised as follows :—Head bent

almost parallel with trunk. Prominent neck protuberance.

Lips not fused. Eye rounded. Lachrymal groove present.

Rounded external nares. Snout little prominent. Wide
external auditary meatus, with triangular ear-pinna. Fore-

limb not flexed, digits all present, and with claw Anlagen,

VOL. 43, PART 1. NEW SERIES. B
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palmar surface directed iiiesially. Hind limb paddle-like,

digits not indicated, plantar surface directed mesially.

Footal Membranes.

The foetal membranes in M. parma have the same general

arrangement as in ^pyprymnus rufescens, as described

by Semon (2, p. 25), i. e. the embryo enclosed in its amnion

lies in the extra-embryonic splanchnocoele surrounded by the

upper part of the yolk-sac—the yolk-sac splanchnopleure

—

which is invaginated into the cavity of the latter. The

splanchnocoele is closed externally by a discoidal area of

chorion, round the margin of which the yolk-sac splanchno-

pleure becomes continuous with the vascular omphalopleure.

The allantois is a comparatively small short-stalked vesicle,

which never reaches and fuses with the chorion, but lies per-

manently buried in the splanchnocoele.

The entire globular embryonic formation of this stage of

M. parma has a diameter of 15 mm.
In Plate 2, fig. 9, the cavity of the yolk-sac has been

opened by the removal of the greater part of the bilaminar

omphalopleure, exposing the embryo in its amnion, closely

surrounded by the invaginated yolk splanchnopleure {y. spL),

together with the inner surface of the vascular area {vase.

ompJi.).

The discoidal area of chorion, concealed in the figure by

the embryo, is readily distinguishable externally from the

vascular omphalopleure by its more transparent and smoother

appearance. Compared with the extent of the chorionic area

in Perameles and in Phascolarctus, where, according to

Caldwell (8), the chorion has a diameter of 12 mm., the area

is here a small one, measuring in greatest diameter 4'5 mm.
The surface of the vascular area (vascular omphalopleure)

presents a roughened reticulate appearance in correspondence

with the ridged surface of the uterine mucosa. It is distin-

guished from the bilaminar omphalopleure by its denser and

darker appearance. The latter (Plate 2, fig. 9, Ml. omph.)
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occupies ratlier less than half the surface of the entire

embryonic formation. Its surface is also irregularly ridged.

The vitelline artery, leaving the yolk-stalk on the left side

of the embryo, courses in the yolk splanchnopleure backwards

over its dorsal surface to reach the junction of the latter

membrane with the vascular omphalopleure (Plate 2, fig. 9,

vit. a.). Here it passes over into the latter, does not at once

divide as in Perameles, but runs on for a distance of about

4 mm. before dividing into its two branches, which form the

sinus terminalis {s.t.). The sinus is completed by a narrow

anastomosis, as in Perameles. It measures in diameter 14

mm. by 12 mm. The vascular area has a greatest width of

8 mm. opposite the point of bifurcation of the vitelline artery,

and a least width of 4 mm. at that point. It is thus evident

from these measurements that in mere surface extent the

vascular area of this Macropod embryo very considerably

exceeds that of the Perameles embryo described in the pre-

ceding pages. And not only is the area greater in extent,

but its capillary system is also much more richly developed

than in that form, in correlation with its high functional

importance in the nutrition of the embryo. From the sinus

there pass off into the vascular area numerous branches,

i

which divide up into much finer branches to form a rich

capillary system, from which the factors of the vitelline veins

take their origin. The numerous fine long wavy branches of

the vitelline artery which run in the yolk splanchnopleure

ai'e especially well developed (Plate 2, fig. 9, a. v.). Above,

these branches come off directly from the vitelline artery,

while below they arise from an independent branch of

the artery which runs parallel with the same. The blood

circulating in these vessels must, as in Perameles, pass over

into the vascular area at the junction of the yolk splanchno-

pleure with the vascular omphalopleure. After the vitelline

artery has passed over into the vascular omphalopleure, it

still continues to give off small branches from both sides

almost up to its point of bifurcation.

I In the figure these branches have been represented too short.
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The vitelline veins (Plate 2, fig. 9, vit. v.) shovsr the usual

relations, and include between them a very large ai-ea of

yolk-sac splauchnopleure altogether devoid of vessels. The

anterior vein is formed by the union in the yolk splauchno-

pleure of a larger anterior and a smaller posterior factor,

which pass over from the vascular area. There each is

formed by the union of lesser factors coming from the capil-

lary net of the same. Similarly, the posterior vein is formed

by the union of two factors, a smaller anterior and a much

larger posterior factor, returning the blood from the poste-

rior portion of the vascular area. The anterior vein passes

back in the splauchnopleure ovei* the head of the embryo

behind the eye, while the posterior one passes in transversely

on a level with the snout. The two unite at the yolk-stalk

to form the single vitelline vein.

The allantois is a small, globular, thin-walled vesicle pro-

vided with a very short stalk, and measuring in diameter 5'5

mm. It is situated mainly on the embryo's right side, lying

between the snout and the rounded hinder end of the body.

In the figure (Plate 2, fig. 9, all.) it is seen through the

yolk splauchnopleure, in contact with which it lies. Its

vessels are poorly developed. As Owen long ago pointed

out for M. major, and as Semon has recently described for

^pyprymnus, so here the allantois is a quite rudimentary

structure which lies remote from the chorionic area, and

never comes into contact, much less fusion, with the same.

Such a specialised condition of the allantois is probably

general for the entire family of the Macropodidse. That it

also exists outside the limits of that family we know from

the observations of Osborn (10) and Selenka (3) on Didelphys,

and probably the condition is also general for the family

Phalangeridae—it certainly holds for Petaurus sciurens

according to Semon, and from my own observations I can add

for Trichosurus vulpecula. But whether the condition

may turn out to be the general one for Marsupials or not, it

is admitted on all hands to be an essentially modified one,

Univeksity of Sydney, N.S.W. ;

March 16th, 1899.
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EXPLANATION OF PLATES 1 & 2,

Illustrating Mr, Jas. P. Hill's paper, "^ Contributions to the

Embryology of tlie Marsupialia" (II and III).

All sections drawn were outlined by means of Zeiss's camera lucida.

List of Common Reference Letters.

Amti. Amnion, a. v. Branches of vitelline artery on yolk splauclinopleure.

all. a. Allantoic artery, all. c. Allantoic cavity, all. cap. Allantoic capil-

lary, all. cl. Allantoic canal, all. ent. Allantoic entoderm, all. mes. Al-

lanto-cliorionic mesencliyme. all. v. Allantoic vein. Ml. oniph. Bilaminar

ompbalopleure. c/i. Chorion, ch, eel. Chorionic ectoderm, cos. Ccelom.

c(g. w. Ccelomic wall of allantois. eel. Ectoderm. efiL Entoderm, ex. syn.

Syncytium beyond allantoic placental area. mes. Mesoderm of pro-amniotic

remnant, pi. a. Allantoic placental area. pi. syn. Syncytium of allantoic

placental area. Som. Somatic mesoderm of chorion. Sp. Space in syncytium

(lymph space ?). s. t. Sinus terminalis. syn. c. Capillary of syncytium.

u. s. Umbilical stalk, ut. w. Uterine wall. vase. omph. Vascular ompbalo-

pleure. vil. a. Vitelline artery, vit. v. Vitelline vein. y. spl. Yolk-sac

splanchnopleure.

EiG. 1.—Right uterus, P. obesula, with ventral half of its wall removed

and portions of the foetal membranes reflected, to expose the embryo, x
nearly J.

Fig. 2.—The same, after removal of the embryo, to show the placental

area (pi. a.). X O^^.

EiG. 3.—Embryo, P. obesula. x 6/g.

Ftg. 4.—Transverse section through the umbilical stalk, som. Somato-

pleure of body-wall, x 90.

EiG. 5.—Transverse section through pro-amniotic remnant. X 90,

EiG. 6.— Section through margin of allantoic placental area. X 120.

Fig. 7.—Section through allantoic placental area, showing the relation of

the foetal and maternal capillaries, x 380.

Fig. 8.—Section through the sinus terminalis [s. (.), and the adjacent por-

tions of the vascular {vase, omph.) and bilaminar ompbalopleure (6il. omph.).

X 150.

Fig. 9.—Uterine embryo of M. par ma in its foetal membranes, seen after

removal of the greater portion of the bilaminar omphalopleure. X 7h-
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Studies in the Retina: Rods and Cones in the
Frog and in some other Amphibia.

By

II. M. Beiiiai-d, M.A.Caiitab.
(From tlie Biological Laboratories of I he Koyal College of Science.)

VVitJi Plate 3.

Part I.

A CLOSE comparative study of Vertebrate retinas, even

though comprehending less than twenty species, threatens to

be a veiy prolonged undertaking. It is therefore proposed

to publish an account of certain new anatomical facts which

can be dealt with separately. Such a publication is not

exposed to the same objections as can be legitimately made

against the ordinary " preliminary notice of results." It

will not, of course, be possible to treat the new facts quite

without reference to the new points of vieAV to which the

researches are tending. It may, indeed, be necessary at the

end to sketch some of these very briefly, trusting that no

long interval will elapse before the evidence on which they

are based can be published.

It is, first of all, a pleasant duty to preface this communi-

cation by acknowledging my debt to my friend Mr. Martin

Woodward, of this College. His great knowledge of zoology,

and especially of modern technical methods, has been

placed most unreservedly and generously at my disposal.

While the pursuance of the work and its responsibility are

mine, any permanent additions to knowledge which may

result from it must be largely credited to him, as the

technical work in connection with these researchen has been
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done entirely at the Royal College of Science in the private

laboratory of Mr. Woodward, not only with his permission,

but not infrequently with his active co-operation. Professor

Howes has kindly allowed me to date the paper from the

College.

The cones iu the eyes of frogs have hitherto been thought

to end in points not far below the level of the junction of

inner and outer limbs of the rods (see fig. 1, where a rod is

outlined for comparison). This, however, is not the case (see

P]. 3, fig, 2, a, h, d, f, g). The reason for this error, in

spite of all the splendid work which has been done on the

retina, is simple. As is well known, the rods and cones have

a strong tendency to divide at the junctions of inner and

outer limb (i. e. at the * in fig. 1) under the action of all

the ordinary reagents, hence it is hardly surprising that

the exquisitely delicate tips of the cones fail to survive

their violence. If, however, the fixative used be a sudden

short application of intense heat—five to ten seconds'

immersion in boiling corrosive acetic, the animal having

been kept and killed in the dark—the retinal elements, cones

as well as rods, will, in successful preparations, be found to

remain unbroken from the membrana limitans externa to the

pigment layer.

Here it is necessary to state very distinctly that I am
referring only to the retinas of the frog and of some other

Amphibia. For while it is evident that the cones throughout

the Amphibia are analogous structures, certain differences,

e. g. in the positions of the nuclei, make it unsafe to assume,

without fuller investigation, that the elements called "cones"

are analogous in all Vertebrate eyes. We are dealing here,

therefore, only with the structures which are called " cones "

in the eyes of the Amphibia, and make no allusion whatever

to the structures called '' cones" in the human or other

Vertebrate eyes.

Very superficial examination of the retina of the frog,

even when fixed with any of the ordinary reagents, is suffi-

cient to show that, judging from the basal limbs alone, there
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are two different kinds of simple cones.^ These as usually

seen are shown in fig. 1. The one is short without a basal

vacuole, and the other about one third longer and with a basal

vacuole, which is always large, and may at times be enormously

distended. It is somewhat remarkable that I have not yet

seen any notice of these differences in previous works ; but the

literature on the subject is so vast that I make no pretence of

having waded through more than a very small portion of it.

The real significance of these differences is, however, better

seen when the distal portions, now described and figured for

the first time, are added to them.

The two types of cone thus revealed are shown in figs.

2 (cf. 6, d, f, g, with h, i) and 3 (cf. a, h, c, with d, e, h, i),

and diagrammatised in fig. 4, C2 (cf. with C3, cj. Their differ-

ences can best be seen if they are drawn upon a scale. Careful

measurements show that each cone may be divided into nearly

equal sections—at least in their proximal halves—as indicated

on the scales in figs. 2 and 4. In type C2, fig. 4, the first section

extends from the memb. limitans ext. to the spherical refrac-

tive globule which is characteristic of the cones of the frog.

The second section extends from this globule to a point

where the structure usually breaks in ordinary preparations.

There is generally here a minute vacuole or a sudden thinning

or change in the intensity of the staining. Beyond this it is

doubtful whether any divisions really exist ; the fineness of

the thread, and its great delicacy and liability to be violently

affected by reagents, render it impossible to say for certain

whether the appearances can always be relied on. I have

certainly at times seen what appeai"ed to me to be other

divisions (see figs. 2, / and g, and 3, a and c) . At the very

tip of the cone there appears to be a terminal vesicle, to

which our attention will presently have to be directed.

In the cones of the second type (fig. 4, Cg and c^) the first

section can be easily distinguished from the second. It

' What are known as double cones will be mentioned later, and are not

referred to here.
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invariably has a large basal vacuole, and it is about the same
length as section 1 in type Co- The small refractive globule

we now find on the level of the second division of Cg. The
third section is generally very distinct, being thick and often

deeply stained, but with very delicate walls, usually ill-defined,

doubtless owing to the action of the reagents. From this

point this second type of cone may again be divided into

cones C3 and c^. In the former the delicate tip alone is

swollen into a vesicle ; in the latter the whole of the remain-

ing length swells into a long, terminal, often shrivelled and
generally ruptured vesicle (figs. 2, i, h, and 3, c, d, e, h, i).

Before discussing these varying forms it will be advisable

to examine more closely the measurements which lie at the

basis of the scale shown in the figure. Measurements of the

cone sections reveal a degree of regularity which requires

explanation. In speaking of the measurements of rods and

cones we must be careful to note that they can only be relative.

The rods are not stiff cuticular structures, but long, cylin-

drical sacs filled with certain substances, apparently of

varying consistency, which allow the rods to be squeezed up
or else pulled out or bent about at all angles.

The complete forms of the cones are best seen when the

rods are drawn out and separated by short intervals. The
latter are then about 50 ^u in length, measured from the memb.
limitans ext.^ Of this length, the inner section or limb of the

normal rod measured on an average 10 ju (fig. 2, e and j),

with variations ranging between 8/z and 12 ^u. This leaves

the outer limb of the rod about 40 ju in length.

We have, then, from the membrana limitans externa to the

pigment layer about 50 fi, and across this the cones stretch.

I have shown in the diagram (fig. 4) the results of many
measurements. Passing over c^ for the present, we find that

section 1 in Co, which is commonly called the inner limb of

' This is also the length given by Hoffman (Bronn's ' Thierreicli,' vi, part

2, p. 283). I have found rods as much as 60 y, long in well-fixed frogs'

retinas. We shall see later on some reasons for believing that the size of the

rods varies up to some maximum with age.
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the cone, measures 10^, aud is, as is well known, of the same

length as the inner limb of the rod. The second section also

measui'es 10 fx, with slight variations it is true, yet with a

constancy suflBcient to demand explanation. Section 3 at

times also appears to be well marked, but this may be purely

accidental. The same lengths are found for these three basal

sections in the cones c^ and c^, there being no doubt in these

cases of the existence of section 3. On the other hand, sec-

tions 4 and 5 are more than doubtful, and the last 20 fx of the

tips of the cones runs without natural divisions to the pigment

in which the most distal portions are always embedded.

Keturning now to the forms of these different types of

cone, it is obvious that, so far as the three inner sections are

concerned, the cone C.^ is deducible from Cg by the simple

addition of a section; for cone C3 differs from Co in having

the thick basal section, with its large vacuole. Both form

and measurement thus seem to indicate that, so far as the

three basal sections are concerned, cone Cg is but a further

development of cone Cg, i. e. a new portion has grown out

beyond the memb. limitans ext., causing section 1 of cone c^ to

become section 2 of Cg, and section 2 of Co to become section

3 of Cg. This is, as we shall presently see, what has actually

taken place.

With regard to the more distal sections the changes are

more complicated. While it is very difficult to get absolute

demonstration of the terminal vesicle in C2, I am quite con-

vinced that such a vesicle exists. Fig. 2, a, shows such a

vesicle with its proximal half clear of pigment ; but this

belongs to a cone which I take to be at a still earlier stage

than Co ; while fig. 2, d, f, g, shows what appear to be terminal

vesicles covered over, almost in a basket-like fashion, with

pigment granules. The special sticking of these granules to

cones is always very marked, and will be noted again. Max
Schultze long ago called attention to the clinging of the pig-

ment granules to the ' double cones ' in Fish.^ More easily

demonstrable, because longer, and therefore more likely to

1 • Archiv mikro. Anat.,' iii, 1867.
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emerge from the pigment^ are the longer terminal vesicles in

cone C4. Their walls are mostly torn and crumpled, but they

may nevertheless be at times found complete (figs. 2, i, h,

and 3, h, e, h). The part most commonly seen is the promi-

nent end of the vesicle, where the stem of the cone suddenly

widens out (fig. 3, c, d). The former of these is on a cone of

type C2, which shows that variations occur in the order of

development.^

From these facts we gather that at the distal ends of the

cones there is a terminal vesicle, which increases in size up to

20^ in length.

While this transformation, which appears to take place at

the distal ends of the cones, differs widely from that seen in

the basal ends, yet it is so far in harmony with it that we have,

proximally, an extrusion of matter into the cone, and, distally,

an apparent accumulation.

The facts so far adduced indicate that the different types of

cones ai'e due to the successive extrusions of matter through

the memb. limitans ext., while the existence of nodes or

sections approximately of the same length suggests some

periodicity in this process. It is true that this periodicity is

not easy to work out in detail; the difficulty lies in the much
greater quantity of material in the basal than in the distal

sections. We may, perhaps, assume that fig. 2, a, or 4, c^,

represents the initial extrusion beyond the memb. limitans

ext. of a vesicle containing fluid. This is squeezed up between

the rods, and runs as a thin thi-ead, to swell out only in the

pigment layer. Into this, or added to this, new matter is forced

out by successive discharges, the nodes or breaking points

between the sections registering in the earlier, thinner stages

of the cone the successive discharges. The contents of the

1 Here it is worth iiotiug that H. Miiller ('Z. w. Z.,' viii, 1857, p. 48),

who had already seen some slight prolongation of the tips of the cones in the

frog, found inhuman "cones " an empty prolongation reaching to the pigment

layer. The equality in length of rods and "cones " in the human retina has

recently been definitely affirmed by Borysiekiewitz (' Weitere Untersuchungen,

etc.,' Wien, 1894).
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large basal section of Cg may be the result of many discliarges

whicli now, on account of the much greater thickness of the

whole structure, no longer cause the appearance of nodes.

Be this as it may, there can be little doubt but that the forms

of cone which we have drawn can safely be regarded as

different phases in the construction of the fully developed

cone C4 out of matter extruded through the memb. limitans ext.

This important conclusion is quite in keeping with what

is known of the early development of the rods and cones.

They first appear as sac-like protrusions of the retina

which push back the pigment cells. These sacs are very

tightly packed, and may, I find, be more than one deep.

This latter fact points to the existence of successive extru-

sions. Beyond these simple thin-walled protrusions I am not

aware that the further stages in their development have been

accurately followed. The rods and cones are thought to be

merely specialised prolongations of the " visual cells," the

rods being primary and with simple functions, the cones being

secondary specialisations for more important functions.^ The

new facts contained in this paper will not only fill up this gap

in our knowledge of the development of these the most im-

portant of the i-etinal elements, but in doing so reverse the

judgment as to their relative value, at least in the Amphibia.

For the moment, such simple sac-like protrusions of the

retina beyond the memb. limitans ext., as the admitted start-

ing-point in the formation of rods and cones, are all that we
require; for we are justified in assuming that this process of

development is also likely to be that of any new rod or cone

elements which the retina will require in the course of its

growth. New elements, therefore, will be formed by the

thrusting down, between those already existing, of bag-like

protrusions whenever and wherever there is room for them.

The shape of the retina makes it clear that growth could not

take place only at the rim ; it must be fairly evenly spread

over the whole extent of the cup, in order that that shape

may be preserved. Now it is obvious that if once a compact

' Max Schultze, ' Archiv mikro. Aiiat.,' iii, 1867, p. 238.
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layer of cylindrical bags was formed, new ones endeavouring

to force their way out between them would have to be wedge-

shaped or conical in order to succeed. This would especially

be the case with any sac-like body forcing its way out between

a compact mass of amphibian rods; its shape would necessarily

be conical, the basal portion, between the inner limbs of

the existing rods, which (inner limbs) are certainly softer

than the outer, could here be swollen or bag-like ; while

between the outer limbs of the rods, which there is every

reason to believe are, at least compared with the inner limbs,

turgid and firm, the new protrusion would have to be tapering

and thread-like, and only able to swell again as a vesicle

when it projected beyond the tips of the rods—that is, in the

pigment layer.

If this line of reasoning is correct, it leads us to conclude

that the cones, at least in the eyes of the Amphibia, are not

the important fixed morphological elements which all the

earlier investigators declared them to be, but merely stages in

the formation of new rods. Daring as the conclusion may at

first sight appear, there is nothing very improbable in it. If

new rods are required, as they must be as the retina grows,

they would certainly be formed as they are in the earlier

development of the eye, viz. as protrusions from the retina.

Such protrusions, forced down between the existing rods,

would, as far as we can see, necessarily be conical. We
know of no other conical protrusions but those usually called

cones, and hitherto regarded as fixed elements with special

functions. Hence these cones must themselves be the stages

in the development of fresh rods which the argument requires.

Turning to our figures and diagrams, we find this line of rea-

soning fully confirmed, for qualitative and quantitative com-

parison of the different forms of the cones themselves shows

clearly enough that they are different stages in the protrusion

of matter beyond the limiting membrane. In this connection,

too, we can best call attention not only to the large vacuole

in the basal section of Cg, a vacuole sometimes enormously

distended, but also to the small vacuoles (omitting the
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spherical refractive body) which are scattered along the thin

cone. In fig. 3, a,^ very large one appears. These vacuoles

are all suggestive of fluid travelling outward along these

cones, and helping to swell the terminal vesicle, or, again,

they may be the remains of fluid left in the element after its

collapse under the action of the reagent, if such a collapse

takes place. (On this see below, p. 42, and fig. 12, a, the

second element on the left.)

On turning now to the rods, to ascertain whether they

afford any evidence of their early developmental stages

having been cones, our attention is at once fixed upon those

with very long inner limbs, which we will call, after their

discoverer, Schwalbe's rods. On measuring these I found

that they were roughly divisible into two kinds, the one with

the inner limbs measuring about 30 /i, and the outer limbs

20 ju ; the other with inner limbs measuring 20 fx, and outer

limbs 80 ju;^ while, lastly, the inner limb of the normal rod

measures 10 ^, and the outer limb 40 //. These are shown on

the scale, fig. 4, o\, r^, r^. It was obvious that there must be

some kind of connection between these different kinds of

rods and the developing cones, owing to this general agree-

ment in the measurements, but it was some time before I

could see any satisfactory explanation of the phenomenon.

On arranging the rods side by side with the cones, in the

way shown in the diagram (fig. 4), not only does the scale

formed by the sections of the latter serve also to measure the

different kinds of rods, but also throws light on the develop-

mental process. Three divisions of the cone measure the

longest inner limb, two divisions the next, while the inner

limbs of the cone Co and fully formed rod are already known
to agree in length. Turning to the outer limbs, we find the

shortest agrees in length with the long terminal vesicle dis-

covered at the tip of the most developed cone, viz. 20 /t. The
next measures 30 /i, and that of the fully formed rod 40 ^.

We may also note that the shortest outer limb is very fre-

' Hoffman (I. c.) gives the measurements of the outer limbs as from

20 to 25 ^, wliicli agrees closely enougii with my own.



32 H. W. REllNARD.

qnently much thinner than that of the fully formed rod

;

several measurements gave from 4 to 5 /i for the outer limbs

of Schwalbe's rods, and 6 to 7 ^ for those of normal rods.

On the other hand, they may be found of the same thickness.

I note in some microphotographs which I have had made

of the rods and cones of the Frog, in one case a Schwalbe's

rod is about two thirds as thick, while in another there occurs

one nearly if not quite as thick as the fully developed rods

near it.

We have, then, in the diagram a series of structures con-

nected together by a scale of measurements. What evidence

is there that this series is really developmental ? We have

already found strong reasons for believing that the three-cone

stages are mere phases in the development of new rods ; the

retina, therefore, should show us stages between the last cone

with its long terminal vesicle and the fully formed rod. The

only variations on the normal rod which we can find are

those with the long inner limbs (Schwalbe's rods). There

can, I think, be no reasonable doubt that these are the inter-

mediate stages we require. The outer limb of the (pre-

sumably) youngest rod stage is of the same average length

as the terminal vesicle of the oldest cone stage, viz. 20 ^, and

further, it has apparently but continued the line of develop-

ment by becoming filled up and distended. On examining

the change of shape which has taken place, the most striking

change between this rod {i\) and cone (c^) is that the matter

which was formei'ly in the basal sections of the cone has

moved outward to form a swelling in contact with, but in

some way separated from, the terminal vesicle or outer limb,

although it may be important to note that the separation

between inner and outer limb does not seem to be in this

stage nearly so sharp as it is in the later normal rod. The

next step (iv) is a further filling up of the outer limb and its

extension through the length of 10 /z; at the same time the

inner limb, as it were, is drawn back and shortened to 20 ^u.

The last step is the extension of the outer limb to its full

length, about 40 ju, and the corresponding shortening of the



STUDIES IN THE RETINA. 33

inner limb to its normal length of 10 ju. Here I should again

like to emphasise the fact that although I use these exact

figures, they are only approximate ; lengths of outer limbs

between these occur, but the numbers given occur with

sufiicient frequency to convince one that there is some under-

lying law which has to be discovered. After adopting and

abandoning several possible explanations, I am inclined to

regard this curious fitting of the successive stages in the

development of the rods into the scale made by sections of

the cones as due to the varying degrees of lateral pressure

exerted by these latter. This pressure will be greatest in

the zone of the innermost cone section and less in that of the

next, and so on. This explanation was suggested to me by

noting the similarity between the inner limbs of Schwalbe's

rods and the conditions invariably presented by one of the

two cones in every pair of ^' double cones." I give several

drawings (fig. 5, a—/) of these so-called double cones as seen

in the retina of the frog, about which so much has been

written.
I Of these figures only a shows the full length of the

cones; the rest, being from sections prepared by other fix-

tures than heat, have lost their tips. I can myself find little

more in them than that two cones develop side by side, and

one of them is generally somewhat distorted by the pressure

of the other, the pressure being exerted in many cases by the

large basal vacuole. The peculiar appearance of the '^ twin

cones" (at least in the frog) is thus of the nature of an acci-

dent, and a very simple accident. Whichever cone first

develops its basal vacuole squeezes all the material out of

the basal section of its companion into its distal end, as is

shown in the figures. If the inner limbs of the left-hand

cones in a and/, or of the right-hand cones of h and c, are

compared with the inner limbs of Schwalbe's rods (fig. 2, c

and Z), we see that pressure could easily account for the shape

of the latter.^ It seems, then, that if the cone at stage c^ in

^ These long-limbed cones which always form one of the " double cones
"

are the only elements I can find at all corresponding with the long-limbed

VOL. 43, PART 1. NEW SERIES. C
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the diagram^ fig. 4, became as it were passive, i.e. ceased to

distend its basal section by any furtlier extrusion of matter,

the lateral pressure of the basal sections of younger and still

actively growing cones could hardly fail to force out distally

the material from the basal portions of its inner limb. We
thus have, on the one hand, zones of pressure due to the dif-

ferent thicknesses of the sections of the cones, while, on the

other, we have the outer limbs of the developing rods dis-

tending and lengthening in a direction opposite to that in

which the cones are forcing their way. It seems but natural

that the lengths of the growing outer limbs would be found

to have some correspondence with the different zones of

lateral pressure through which they have to force a passage.

It will be remembered that we have already assumed the

existence of this lateral pressure as necessary to account for

the shape of the cones themselves. The rods form a compact

layer into which fresh elements as conical wedges force their

way, their continued intrusion keeping the layer permanently

compact. In spite of the frequent spaces which appear in

microscopic sections between the rods, the evidence from

the best preserved material leaves little doubt but that, in

life, these retinal elements are packed together as tightly

as the intruding cones can wedge them. Many of the clear

spaces are due to rods falling out of the sections, others

perhaps to shrinkage, others again to the presence of large

vesicles filled with fluid, the walls of which are so delicate

as to be very seldom preserved (see below, p. 42, and fig. 16).

Our comparison of the rods and cones in the retina of the

adult frog has brought us to the conclusion that the latter, in

the frog's eyes at least, are not elements with any special

sensory function, as was maintained by the earlier investi-

gators, but that they are simply stages in the development of

fresh rods ; and that, in addition to their potential value as

future rods, thej serve, even in their earliest stages, to keep

the layer of the rods compact.

cones shown in van Genderen Stort's figure reproduced in * Quain's Anatomy/

10th edit., iii, part ill, p. 48, 1894.
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We have so far confined our attention solely to the adult

frog, and the argument thus limited has been somewhat

complicated. This, however, is the order in which the

work was carried out and the results obtained. It may,

perhaps, be remembered that the relations of the rods and

cones was not the initial object of these researches, which

were undertaken to extend and elaborate the evidence I had

collected in confirmation of the theory of vision I published

in 1896.^ We shall now turn to other Amphibia, and espe-

cially to young forms in different stages of development,

where perhaps we ought to have begun, and show that they

fully confirm the conclusions above arrived at, and generally

in a much simpler and more decisive manner.

The Toad.—I have not found any traces of sections or

nodes in the tips of the cones in the toad. Their continuations

have more the appearance of shrunken sacs (fig. 6). The

refractive globule so characteristic of the cones in the frog is

absent here, but is perhaps compensated for by the immense

size of the " ellipsoid," which in the fully developed rod may
attain a length of 10 ju with a breadth of 6 fx. It is very con-

spicuous in cone Cg (see fig. 7), but becomes somewhat in-

distinct in cones Cg and c^. In cones at this stage it some-

times appears as if there were two, somewhat ill-defined.

These finer details, and indeed the ellipsoid itself, require

special investigation, and we shall return to them again in the

second part of this paper.

As in the case of the frog I suggest that cone c^ (fig. 7)

passes into the rod r^ by the filling up of the terminal sac,

and the squeezing outwards of the ellipsoid and other matter

in the basal part of cone c^. Again, also, the aspect of the

double cones, fig. 6, d, h, shows that the action of pressure

might well account for the long thin inner limb of rod 7*^

;

while, lastly, fig. 6, i, shows how great the lateral pressure

within the proximal zone of the layer, brought about by the

intrusion of young cones, must be. Here we see the inner

» '4nn. and Mag. Nat. Hist.,' 6, xvii, p. 162.
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limbs of the rods quite distorted by tlie intrusion of a cone,

the base of which is swollen into a large clear vesicle. Such

figures as these might be multiplied indefinitely, and in each

case with some slight but instructive variation in detail.

In the toad I have found outer limbs of rods, in stage r^.

not much more than 3 ;u in thickness, and in striking contrast

to the thick outer limbs of the fully developed rod.

Uro deles.—The conical shape attributed to the rods

of the Triton by Max Schultze led him to believe that,

in the eyes of gilled forms, still more conical and probably

transition forms between rods and cones would be dis-

covered. In Triton he found the conditions such that if

the rods had been only a little thinner and the cones a

little thicker, the two would pass into one another.^ He
would not at all accept Steinlin's suggestion that, in general,

the two structures hardly admitted of sharp distinction.^

Admitting their common origin, transition forms were, he

thought, rare, and the rods were certainly the primary

simpler structures, out of which the cones were developed

later as more highly specialised organs.

My own observations have led me (perhaps erroneously) to

lay no great stress upon the slightly conical shape sometimes

noticed in the thick rods of Urodeles.^ The undoubted tran-

sitional stages which can be found between the rods and

cones speak for themselves, whether this very slight form-

feature has any value or not. Numerous as they are, earlier

investigators were not prepared to see them, and missed

them accordingly. For example, diagram fig. 8 shows a series

of elements chosen from a few sections through the retina

of an adult axolotl. They might be multiplied manifold.

They have been arranged according to the lengths of the

different parts. At a glance they can be seen to form a

developmental series. We thus see that longitudinal measure-

1
' Archiv f. mikro. Anat.,' Bd. iii, 1867, p. 238.

« Ibid., Bd. iv, 1868, pp. 10 and 22.

^ In microscopic sections it may be due to the plane of the section not

passing strictly longitudinally through the thick rod.
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ments of the parts of the elements give us an entirely differ-

ent kind of transition form from that which the earlier

workers looked for. But, as we shall see below, in young eyes

transition forms more like the kind expected do occur in

great numbers (fig. 12, c).

I have not succeeded in ascertaining whether or not the

tip of the cone shown in the earliest stage (fig. 8, a) is the

true tip. The aspect of b certainly suggests that the tips

break off, and when we find the cone not only in the Anura,

but also in the salamander (see below), running straight

down to the pigment layer, it is fairly certain that the same

is the case here. The cone " grows " by the enormous deve-

lopment of the basal vacuole, which forces out the ellipsoid

(which was here densely stained) with the conical mass

distal to it; c shows a double cone; d, e, f show different

lengths of the vacuole and enlargements of the tip ; from /
the outer limb of the rod grows and forces back the ellipsoid,

which changes its shape. Some of these developing outer

limbs (from g) seemed to be thrust much deeper than others

into the pigment cells, at times almost displacing the latter

—an appearance very suggestive of their active growth in

length.

The narrowing of the vacuole from c to d, e,f is not in-

variable. It is probably purely accidental that those with

compressed vacuoles were most numerous in the sections. In

such a confused mass of elements forcing their way out, and

mutually squeezing one another, naturally many different forms

will be assumed by individuals. Further, these long narrow

vacuoles would be likely to be less injured in section-cutting

than those most swollen, and would occur more frequently in

the preparations. The inner limbs of rods g and h are also

probably chance forms.

It will now be understood from the series why I do not

think that there is much value in the conical shape of the

rod. In the swelling of the outer limbs seen in e and/, to

the size shown in I, it seems hardly likely that the conical

shape would be preserved, especially if the outer limbs of the
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cones originally ended in terminal vesicles, which, as above

stated, I feel sure must be the case.

If the tips of the cones run as they do in the Anura, from

the first as far as the pigment cells, we should have here

essentially the same condition as we have above described for

the toads. One striking difference, however, has to be noted.

The basal vacuole in the adult Anura never swells to the

enormous size seen in the axolotl. It is true it may be very

much larger than is shown in fig. 7 (see e.g. fig. 6, d), but

only in immature eyes (fig. 13) does it somewhat resemble

those in fig. 8, c, g.

Salamander.—As in the frog and the toad, the cones

here can be shown by heat fixation to reach to the pigment

layer (fig. 9, a—d). On reaching this layer, it is seen that

the pigment is raised as if round some terminal expan-

sion of the cone (see p. 27), Again, fig. 10 shows what I

take to be this expansion, although it may possibly be the

shaved-off tip of a rod. If my interpretation in this case is

correct, it is interesting because the specimen v^as fixed in

Perrenyi's fluid. And here I may add that though the com-

plete forms of the cones were first clearly seen in prepara-

tions fixed by heat—by which method they can always be

seen,—since knowing they are there I have recognised many
traces of them in sections prepared with other fixatives.

The figures show the only transitional seines which I have

been able to find. I have not been quite so successful in

making satisfactory preparations of the retinas of either

salamanders or newts. This has been a disappointment which

I hope to overcome by renewed attempts. I may say, how-

ever, that what sections I have of adult salamanders, and of

Molge cristus and M. vulgaris, though not good enough

to show clearly and unmistakably the different stages side by

side, are yet quite suflficient to show that what one sees in the

eyes of the axolotl will, in all essentials, be found in these eyes

also. From the few figures given (6

—

d, fig. 9) it will be seen

that the basal vacuoles are much smaller than in the axolotl,

and more nearly the size seen in the cones of the Anura.
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Young Forms.—Of these I have examined different

stages in the development of frogS; toads^ and salamanders.

All confirm very strongly the conclusions we have come to

above, that the cones in the Amphibia are merely stages in

the development of the rods.

In eyes under 0'5 mm. in diameter the conditions fre-

quently require special study, and will be briefly referred to

below. We will confine our attention for the present to

eyes over 1 mm. in diameter, in which the definitive conditions

are becoming apparent. In such eyes we are at once struck

by the immense numbers of cones in all stages of protrusion,

far more in comparison with the number of the rods than in

the adult eye, in which the proportions are reversed. Fig. 11

is that of a young salamander (1*6 mm. eye diameter). Fig.

12, A, B, c, are from a toad tadpole (1*12 mm. eye diameter).

Another phenomenon of these young eyes is the great

number of long, vacuolated inner limbs of the rods, the

outer limbs of which are short, and too often obscured by
pigment. This condition is not to be confused with that

which will presently be noted as being common to eyes under
0"5 mm. in diameter, which it may superficially resemble;

for these long, apparently empty inner limbs are sometimes

so numerous that it is difficult, in sections, to make out the

connections at all. Fig. 13 shows the appearance referred to

in a toad tadpole (ca. 1*5 mm. eye diameter). Fig. 14 is from

a young salamander (1*6 mm. eye diameter). The elements

drawn are some way from the centre of the eye, where the

vacuoles were much longer and narrower, but hardly any

section cut them longitudinally, and the result was too con-

fused to di-aw. Reference to the diagram (fig. 8) will fully

accouut for these long inner limbs, which are not character-

istic of adult eyes, although existing in small numbers.

Those shown in the diagram (fig. 8), for instance, were found

in about three thin sections of the retina of an adult axolotl.

We see from this diagram that any large number of cones

must naturally mean a correspondiugly large number of

immature rods, with long vacuolar inner limbs.
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A still more beautiful confirmation of our conclusions is

afforded by the fact that, in young eyes, the oldest and

thickest rods and those with longest outer limbs occur in

the centre of the retina, and as we work away towards the

periphery the rods get thinner and thinner, until it requires

close attention to decide whether the element is in the cone

or in the rod stage. It seems to me possible to speak of

such stages, the rod stage being when the outer limb has

begun to grow towards the retina. In fig. 12, A and b are

from the centre of the retina, c nearer the periphery, but not

so far from the centre that the length of the elements has

perceptibly decreased. The rods in A and b were about

6 fi thick, in c the thickest was only 3 fx. Here the

earlier investigators could have found the transition stages

they were looking for in immense numbers had they looked

for them.

It seems to me, then, that we can clearly regard the longer

and thicker rods found in the centres of young retinas as

the '' oldest,'^ for we know that all these elements are grow-

ing. The rod layer is almost crescentic in shape in very

young eyes, and at its thickest it is much thinner than in the

adult. In the advanced toad tadpole (with four legs, and

with the diameter of eye 1'12 mm., some of Avhose retinal

elements are shown in fig. 12) the thickness of the rod layer

in the centre of the retina was only 34—36 jjl. In the

adult it is at least 50 ix. Again, the thickest rod I could

find in this young eye was 6 jx, thinning away to 3 /i, while

I have measured rods in adult toads as much as 9 /z thick.

I have noted also that rods may be thicker in the centre

of the eyes of adult frogs than towards the periphery.

Eods 8 n thick were common in the middle of a retina,

while 5— 6 /x was the usual thickness at the sides. If the

thickest were the oldest, this would be intelligible.

The transitional series between cones and rods based upon

the longitudinal measurements yielded by these young eyes

are very simple. As can be seen from fig. 15, which, as might

be gathered from the presence of the refractive globule.



STUDIES IN THE RETINA. 41

refers to a frog tadpole, they resemble in all essentials the

series seen in the adult axolotl. In c four cones are crowded

together, the cones here, again, being far more numerous

than the rods. In this eye I found absolute proof of the

truth of my main conclusion, that the cones turn into rods,

for the vestiges of the refractive oil globule characteristic of

the cones were to be occasionally seen in various stages of

evanescence in the ellipsoids of the rods (see fig. 15).

In now referring to the conditions seen in eyes under

5 mm., I should like to say that my examination of them has

not been as thorough as the difficulty of unravelling them

demands. The conditious vary ; in some eyes the definitive

elements have already begun to appear, in others one is

forced to the conclusion that the extrusions from the retina

are largely a confused mass of immense vacuoles, which

force back the pigmented layer. If any order exists among
these extruded sacs it is extremely difficult to unravel ; the

nearest approaches to anything like normal rods or cones are

long, tapering structures which take deep stains, and as to

which I am still quite uncertain whether they are the tips of

fresh extrusions forcing their way between the existing sacs,

or merely streaks of staining matter on the walls of the same.

What is clear is that the rods and cones, such as they are

seen in the adult, or even in eyes over 1 mm. in diameter, may
not be visible ; and yet there can be little doubt that out of

these large sacs the future retinal elements will be developed.

It is interesting further to note that the pigment granules

which climb up between these sacs do not seem to be able to

retreat back again to the pigment layer, as is the case in

eyes with definitive rods and cones if kept in the dark before

fixation. The clinging of pigment to the young cones, i. e. to

the raAV material of the rods, has been already noted (see p. 27).

From this stage, in which the retinal elements are largely

undifferentiated sacs, filled apparently simply with fluid, the

eye passes only gradually. The process has still to be worked

out in detail. We will here pass on to note that in much

older eyes, after normal rods and cones have appeared, we
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may find the latter frequently separated by what appear to be

long vacuoles, which cannot yet be called cones, but which I

take to be a lingering of the earlier undifferentiated condi-

tion. Fig. 16 (from an eye '75 mm. diameter) shows the

appearances ; the sacs can there be traced to definite nuclei

which occupy the position of the nuclei of very young cones

(see below on the positions of the nuclei). Such long open

sacs as these can only be regarded as the last remains of the

condition just described for still younger eyes. In fig. 12, A,

which is from an eye 1*12 mm. in diameter, a collapsed sac

can be seen, which shows that at any time in a rapidly gi'ow-

ing eye the embryonic sac-like extension may reappear. As
soon as the rods and cones are multiplied sufiiciently to form

a compact layer, each new vacuole forcing its way down can

presumably only appear in the form shown in fig. 4, c^, with

a slight proximal and a larger distal swelling, the intervening

portion being squeezed to a thread.

I had hoped to give, as a second part of this paper, an

account of what I have been able to unravel of the details of

this process of transformation from the early sac stage to the

definitive rod stage, and also of the minute structure of the

rods themselves ; but other duties have intervened, and the

completion of the second part must be postponed for a few
months.

I will, however, here append one more argument in favour

of my conclusion that, in the Amphibia, cones are merely

stages in the formation of new rods. It is derived from a

comparison of the positions of the nuclei.

The nuclei of fully developed rods are invariably found in

various degrees of protrusion beyond the memb. limitans ext.

This protrusion is usually very pronounced in the Urodeles

and in the toads, but less so in the frog. In younger rods,

Schwalbe's rods, the nuclei seldom if ever project beyond
this line, while the cone nuclei are still further away and
nearer to the outer reticular layer the younger they are.^

' This is not so rigidly the case in youug eyes, in which the raultiplicatiou

of elements is very rapid.
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We thus have not only new elements (cones) forcing their

way down between the rods, but the cone nuclei forcing their

way to and through the memb. limitans ext., to become rod

nuclei. The question then arises, how is the supply kept up ?

For in growing retinas it is obvious that a great multiplica-

>v tion of the Hliclei of the outer nuclear layer must be provided

for. I have never seen any karyokinetic divisions in any

retina in parts Avhere rods and cones have begun to form.

They can be seen all over the retina just within the memb.
limitans ext. in embryos before any sacs have been protruded

;

but after the centre of the eye has become functional, and

rods have appeared, the karyokinetic divisions are confined

to the rim of the retina where the embryonic simplicity

persists. The immense number of fresh nuclei required by

the outer nuclear layer is not, therefore, supplied by the

division of those already present, most, if not all of which

would be actively functioning, and thus quite incapable of

mitotic division. The answer to the question of their origin

is, however, easily solved ; a survey of retinas of any extent

reveals a steady migration of nuclei outwards from layer to

layer, but especially from the middle nuclear to the outer

nuclear layers. As I propose to give the evidence for this

in exteuso in a separate paper, I will confine myself here

to saying that the nuclei which have been already frequently

seen in the outer reticular layer (cf. fig. 5, e and/), and have

been invariably regarded as belonging to that layer, are, in

reality, nuclei travelling through it from the middle nuclear

layer outward. I have been entirely unable to confirm the

existence of Krause's " membrana fenestrata," nor the later

view of Schieferdecker^ that this outer reticular layer is at

least primarily sustentacular, with a specialised nucleated

tissue. I have studied these nuclei with great care and for

many months, and while it is not always possible to say that

they are migrating, this is so frequently the case that I am
disposed to assume it to be so universally. The evidence for

this conclusion is so overwhelming that it has frequently

' 'Archiv f. mikro. Anat.,' xxviii, 1886, p. 305.
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astonished me that it has not been noticed before. The only

observer who, so far as I can make out, has called attention

to the phenomenon is Borysiekiewitz (1. c), who notes, evi-

dently with astonishment, two evidences of transmigration

{" Ortswechsel'^) of nuclei which he has seen in the human
retina. He notes that nuclei may wander outward (1) from the

outer nuclear layer into the basal limbs of the cones, and (2)

from the middle nuclear layer into the outer nuclear layer

through the outer reticular layer. In this latter case it was
the characters of the migrated nuclei, exactly like those of

the layer they had left, and not at all like those into which

they had moved, which convinced him that migration must
have taken place. Leaving the subject for the present, it is

obvious that such migration of nuclei outwards from the

middle nuclear layer would account— (1) for the enormous
increase of nuclei needed for the formation of new rods in

the growing retina; (2) for the evident movement of cone

nuclei outwards to become rod nuclei.

All students of the retina will expect here some reference

to Landolt's "Kolben;'' and rightly, for it must occur to

every one that we have here a possible explanation of these

structures. This, indeed, has, I believe, already been sug-

gested by Krause ; but I have failed to find again the exact

passage in which he speaks of the "Kolben" as most pro-

bably supplementary elements. I have not, however, been
very fortunate in discovering these bodies, although not for

want of looking. The structures which I have seen have not

resembled those figured either by Landolt ^ or by Dogiel.^ I

therefore prefer to confine myself here to saying that the

structures I have seen, if they are what Landolt referred to,

fully bear out Krause's suggestion—i. e. that the outermost

nuclei of the middle layer, even before they leave that layer

to join the definite rod and cone nuclear layer, send radially

1 'Arch. mik. Auat./ vii, 1871, p. 81.

^ Ibid., xxiv, 1885, p. 451. See this paper for other iuterpretations of these

bodies. The autlior quotes Kuhnt as regarding them as transition forms

between rods and cones.
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outwards their sac-like processes, which are destined to

become new rods. These, therefore, would represent a still

earlier stage in the development of new rods even than that

shown in fig. 4, c^. They might almost be called intra-retinal

stages.

Returning now to the positions of the cone nuclei in the

Amphibia, if we compare them with those of the " cone "

nuclei in Mammalia, we see at once that the cones in the

Amphibia cannot, at least off-hand, be regarded as the mor-

phological equivalents of the cones in the mammals, or even

of the giant cones in the eyes of the cod. In both these the

cone nucleus has, if anything, a more advanced position near

(or even protruding through) the memb. limitans ext. than

the nuclei of the rods, which is the very reverse of what we
find in the Amphibia. Whether, again, the cones of the

human eye are the morphological equivalents of the giant

cones of the eyes of the cod is a further problem, which I

shall endeavour to decide in another paper. I shall not be

surprised if these, and, indeed, not a few other retinal

elements which have hitherto been regarded as special struc-

tures of definite morphological value, turn out to be passing

form-phases due to functional activities. Indeed, much of

the diversity which occurs in the records of past observations,

a diversity which is usually attributed by each observer to the

defective preservation of the material used by his less fortu-

nate or skilful colleagues, will prove ultimately to be due to

the fact that different physiological conditions are accompanied

by striking variations in the appearances of the tissues con-

cerned.

The one point which we have here endeavoured to establish

is that in the Amphibia the "cones," which have always

been regarded as highly specialised structures with definite

sensory functions, superior even to those of the rods, are not

definitive structures at all, but simply developmental stages

in the production of new rods.
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EXPLANATION OF PLATE 3,

Illustrating Mr. H. M. Bernard's " Studies in the Retina :

Rods and Cones in tlie Frog and in some other

Amphibia."

Frog.

—

Fig. 1.—The cones of the frog as usually seen, with true tips

broken off. The asterisk marks the junctions of inner and outer limbs, where

the elements often further divide under the action of reagents.

Fig. 2.—Selection of elements from the retina of the adult frog which have

been measured, and arranged on a scale graduated in sections of 10 /u.

Fig. 3.—Further selection from the same, the parts not measured.

Fig. 4.—A series of elements arranged according to the lengths of the parts,

• showing how the cones may be developmental series in the formation of new

rods.

Fig. 5.—A selection of " double cones " from the retina of the frog ; a alone

has the tips preserved (see text).

Toad.

—

Fig. 6.—A selection of elements from the retina of the adult toad.

The large size of the ellipsoid is shown ; c? is a double cone ; h is also a

double cone without basal vacuole in the younger of the two, i. e. in the one

on the left.

Fig. 7.—Selection of same arranged on a scale corresponding with Fig. 4 of

the frog.

Axolotl.

—

Fig. 8.— Series of elements from retina of adult axolotl, to

show how the cones pass into rods ; c shows a " double cone."

Salamander.

—

Fig. 9.—A few elements from the retina of the sala-

mander.

Fig. 10.—A cone between two rods of an adult salamander. The cone has

what appears to be a terminal vesicle (cf. Fig. 2, a, d,f,g, and Fig. 9, a and b).

Fig. 11.—A few elements from retina of young salamander (eye diameter

1'6 mm.), showing three cones at different stages of development, forcing

their way down between two rods. The rest of space was probably occupied

by one or more of the earlier sac-like elements. Cf. Fig. 16.

Toad, Young.

—

Fig. 12.

—

a and b. Elements from near the centre of

the retina of a toad tadpole, c. Slightly nearer the periphery, b. Shows the
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great preponderance of cones in young eyes, c. Shows that the transition

forms between rods and cones not based upon longitudinal measurements are

common in young eyes (see text).

Fig. 13.—Prom a young toad. Showing the long vacuolated inner limbs

and short outer limbs of the rods indicative of immaturity. See Fig. 8,^, //, /.

Salamander, Young.

—

Fig. 14.—Fmm a young salamander, near the

periphery, to show the vacuolated inner limbs and the transitional forms.

Frog Tadpoles.—Fig. 15.—A series of elements from a very young frog

tadpole. Here the fact that the remains of the refractive oil globule can be

frequently seen in the ellipsoids of the rods proves beyond question that the

cones turn into rods.

Fig. 16.—From retina of frog tadpole, showing two large sacs connected

with nuclei, and filling up the spaces between rods and cones (cf. the col-

lapsed sac in Fig. 12, a).
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On the Sensory Pit of the Crotalinse.

By

G. S. IVest, B.A., A.R.C.S.,

Hutchinson Student, St. John's College, Cambridge; Professor of Natural

History at the Royal Agricultural College, Cirencester.

With Plate 4.

The distinguishing character of the group of vipers known
as the CrotalinsB is the depression or "pit" on each side of

the head between the eye and the nostril. Cope ^ defines

the group as vipers possessing "a deep fossa on each side

behind the nostrils, partly occupying the excavated superior

maxillary bone ; " and Boulenger ^ gives the following

characters for the crotaline as distinguished from other

viperine snakes :

—

" A deep pit on each side of the snout,

between the nostril and the eye ; maxillary hollowed out

above."

The earliest mention of this feature—which is mainly

responsible for the appearance of extreme ferocity which

these snakes present—was by Russell and Home/ who gave

a rough figure of the pit in the head of the " fer-de-lance "

(Lachesis lanceolatus). Leydig''^ in 1868 was the first

to prove that this pre-orbital pit was a sense-organ. He some-

1 Cope, 'Proc. Acad. Philad.,' 1859, p. 334.

- Boulenger, 'Catalogue of Snakes in Brit. Mus.,' vol. iii, 1896, p. 464.

^ E-ussell and Home, "Obs. on the Orifices in certain Poisonous Snakes

between the Nostril and the Eye," 'Phil. Trans. E-oy. Soc.,' 1804.

^ F. Leydig, " Ueber Organe eiues sechsten Sinnes." " Zugleich als

Bcitrag zur Kenntniss des feineren Baues der Haut bci Amphibien und

Reptilien." ' Novorum Actorum Academ. Csesareae Leop. Carol. Germ.,' nat.

cur., T. xxxiv, 1868.
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what rouglily investigated its general structure in Crotalus

horridus, Lachesis (Trigonoceplialus) puniceus, and

L, atrox, and described the nature of the nerve terminations

in the organ. It was pointed out in Bronn's ' Klass. u.

Ordnung. Thier-Eeichs/ Rept. Ill, Schlangen, 1890, p. 1411,

that the skin of the pit is not itself fixed to the hollow of the

maxillary bone ; and although this is the first mention of

what is, perhaps, one of the most important featui'es in the

structure of the organ, it is a somewhat erroneous statement.

The membrane stretched across the hollow in the maxilla

is not the '' skin of the pit," but a thin partition (which I

shall fully describe further on) dividing the pit into two

chambers.

The peculiar osteological characters of this region of the

skull are mentioned by Peters^ and also described by Taylor.^

The present investigation, which can obviously be little

more than an account of the anatomy and histology of the

organ, was undertaken at the suggestion of Dr. Gadow, to

whom I offer my best thanks for sundry information and for

specimens of Lachesis lanceolatus, Moreau,and L. suma-
tranus, Boul., from the Museum of Comparative Anatomy

at Cambridge.

The greater part of my material was very kindly supplied

to me by Mr. Gr. A. Boulenger from the duplicate specimens

in the British Museum. I have to tender him my sincerest

thanks for specimens of Lachesis gramineus, Russell, L.

mutus, Seba, L. atrox, Boul., Crotalus triseriatus, Boul.

(young and adult), and C. terrif icus, Seba; also for embryos

of Crotalus scutulatus, Boul., Ancistrodon Blomhoffii,

Boul., and Lachesis nummifer, Boul. In addition to these

I had in my possession adult specimens of Ancistrodon
Blomhoffii from Japan, and a species of Crotalus from

North America.

^ TV. Peters, " Ueber die craniologisclien Verseliiedenbeiten der Grubenot-

tern (Trigonocepbali)," 'Berliner Moiialsb./ 1862, p. 670.

' W.E.Taylor, "Prelim. Notes on the Osteol. of the N A.tner. Crotalidse,"

' Amer. Naturalist,' March, 1895, p. 282.
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All the above were spirit speciineuSj and only a few were

in a sufficient state of preservation to admit of any detailed

histological investigation.

I. The Structure of the Organ in the Adult
Animal.

The precise position of the external opening of the

sensory pit is somewhat variable; it is situated either in a

direct line between the eye and the nostril, or somewhat

below this line. In some species of Cro talus it is almost

immediately underneath the nostril, ©• g- Crotalus terri-

ficus (cf. PI. 4>, fig. 4). Its form is generally oval or pear-

shaped, with the narrower end directed posterioi-ly. Fi'om

this posterior extremity a groove passes in a slightly upward

direction to the eye. This feature is more marked in some

species than in others, and among the snakes examined it

was most conspicuous in Lachesis mutus, L. atrox, L.

lanceolatus, and Crotalus terrificus. In the first-

mentioned animal the groove was partly protected by a

distinct flap of tissue, which on being lifted up exposed

more of the cavity of the pit (PI. 4, fig. 2). In Lachesis

lanceolatus prolongations of the scales forming the an-

terior and inferior borders of the pit enter respectively into

the construction of the more external portions of the anterior

and inferior walls (PL 4, fig. 12).

The external orifice leads into a chamber, the inner wall of

which is very thin and membranous. This membranous wall

is a partition separating the outer chamber from a second

more deeply situated inner chamber.

The outer chamber (PL 4, fig. 14, o. c.) is lined by a

smooth cuticle continuous with that of the rest of the head.

This cuticle is from 3"5 to 5 ju in thickness, and in adult speci-

mens (after preservation) it easily comes away from the thin

wall of sensory tissue underlying it. At its junction with

the cuticle of the scales bordering the orifice there is a con-

voluted depression, lined with crenulated cuticle of the same
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nature as that found between all the scales of the head (cf.

PI. 4, fig. 14).

The inner chamber (PI. 4, figs. 14 and 17, i. c.) lies

deeper than the outer one, and is rather more posterior in

position, being situated immediately in front of the orbit,

and occupying a hemispherical hollow on the outer face of

the maxillary bone. Its posterior wall abuts against the

anterior wall of the orbit, and in the largest animals exa-

mined these walls were very thin and semi-transparent.

The outer wall of the inner chamber also forms the inner

wall of the outer chamber, and consists of a membranous

partition which I shall subsequently refer to as the '^pit-

membrane." The cavity is not a completely closed one, but

communicates with the exterior by a minute pore at the

anterior angle of the orbit. As this pore lies under the

posterior margin of the lower antorbital scale it is not exter-

nally visible, but on reflecting the border of this scale it is

easily discernible (cf. PI. 4, fig. 6, o. i.), and readily admits of

the introduction of a bristle.

The inner chamber was mentioned by Russell and Home ^

as an oval cavity between the pit and the eye. Its interior is

lined throughout by a continuous thin cuticle of not more

than 1 ju in thickness. In some crotalines (e. g Lachesis

gramineus) the cuticle is crenulated on both the internal

and external walls of the chamber, but in others (e. g.

Crotalus triseriatus, 0. terrificus) only that of the

internal wall is crenulated, that of the external wall being

quite smooth.

This crenulated cuticle is of precisely the same nature as

that lining the depressions between the scales on the exterior

of the animal, and consists of an expanded sheet of knob-like

elevations, each of which is distinct from its neighbours.

> Russell and Home, 1. c. ; tiiey inferred from the situation of these oval

cavities that " they must be considered as reservoirs for a fluid which is

occasionally to be spread over the cornea; and they may be hlled by the

falling of the dew, or the moisture shaken from the grass through which the

snake passes."
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When seen in surface view (PL 4, fig. 11) tliese elevations

are rounded and of variable size, being from 9 to 14"5 ju in

diameter. The characteristic embossed appearance is due to

the formation of the cuticle by a lining epithelium of hemi-

spherical cells, each of which has a height of about 7 to 9 /,(,

and a flat base resting upon more numerous, smaller, sub-

epithelioid cells. The nuclei of these cells are large oval

structures, containing a very distinct nucleolus. Immediately

underneath the cellular stratum, «,nd forming a bed upon

which the latter I'ests, is a second layer consisting of dense

fibrous connective tissue containing blood-vessels, and be-

tween this layer and the hollow of the maxillary bone there

is a third stratum of delicate connective tissue, containing

numerous, relatively large, connective-tissue corpuscles. In

consequence of the delicate nature of this third stratum, the

lining epithelium of the chamber, together with the layer of

fibrous connective tissue upon which it rests, readily comes

away from the hollow of the maxillary bone, which in young

animals is a smooth hemispherical cavity, but in older

examples is generally irregularly pitted. A considerable

number of nerve-fibres are found in the connective tissue

underlying the cellular layer (cf. PI. 4, fig. 10, c. t.f.), but I

have not succeeded in tracing their ultimate distribution to

the epithelial cells. The total thickness of tissue between

the inner cuticle of the chamber and the maxillary bone is

not moi'e than about 50 fx.

The pit-membrane forms the inner wall of the outer

chamber and the outer wall of the inner chamber, and, as

both these chambers are lined by a thin cuticle, this mem-

branous partition consists of a thin sheet of tissue, bounded

by cuticle on both its external and internal faces. It is the

only truly sensory part of the organ, and is a semi-transparent

membrane of not more than 25 fx in thickness, somewhat

loosely stretched between the chambers, and forming a com-

plete wall of separation between them. As was mentioned by

Leydig,' it exhibits a series of folds or ridges ; these are only

' Leydig, 1. c.



54 G. S. WEST.

conspicuously evident in adult animals^ and may vary in

number from about eight to twelve. They run in a somewhat

posterior direction from the periphery towards the centre,

each fold being- a thickening of the membrane. Alongside

the folds, towards the edges of the membrane, are a few dark

brown, much-branched pigment-cells ; these are less numerous

in the adult than in the young animal, and are generally con-

spicuous only round the borders of the pit.

The nerve-trunks, which enter at the periphery, traverse

the above-mentioned folds, and by repeated divisions form

an immense number of fibres of extreme tenuity as they pass

towards the centre of the membrane ; the ultimate divisions

of these minute fibres form a slight anastomosis before

terminating in the nerve endings.

The nerve terminations are cells of variable form,

many of them possessing a flat surface closely applied to the

cuticle of the outer face of the pit-membrane (cf. PI. 4,

figs. 7—9). Under this cuticle more than one layer of nerve-

cells can be distinguished, and in most cases the cell walls

are very indistinct, although by careful teasing and staining

the form of the cells can be plainly observed. They are

somewhat triangular or even spindle-shaped in outline, one

pole being connected with a minute nerve-fibre, and in many
cases they exhibit a considerably branched appearance (PI. 4,

figs. 7 and 8). The nuclei are of a round or oval form, and

stand out prominently. The delicacy and indistinct nature

of the cell walls, which the most careful treatment scarcely

renders visible, caused Leydig ^ to describe and figure ag-

glomerations of nuclei round the small nerve branches. The

nerve terminations, although mostly confined to the outer

surface of the membrane, are also found in small numbers

near the edges of the inner surface.

The nerve supply for the entire sense-organ is derived

from the V (trigeminus) nerve. The nerve^ bundles entering

the upper margins of the membrane are derived from the

ophthalmic branch, and those entering the lower margins are

> Leydig, I. c, t. iv, f. 31.
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derived from several divisions of the maxillary branch

(cf. PI. 4, figs. 13 aud 14,, V.o. and V.m.).

The pit-membrane is richly supplied with blood-vessels,

the main trunks of which enter at the periphery and run in

the folds alongside and internal to the nerve-trunks. From
these main vessels a capillary network extends through the

whole membrane, lying embedded in a sheet of fibrous con-

nective tissue internal to the nerve terminations. The blood

supply is derived from the ophthalmic artery.

In a section of the pit- membrane, such as that figured

(PI. 4, fig. 15), the nerve terminations {n. t.) are seen imme-
diately beneath the outer cuticle (c), then within these

the numerous nerve-fibres {n.f.), then a few blood-vessels

(6. V.) embedded in the fibrous connective tissue, and finally

the inner cuticle.

Most of the structure described was made out from serial

sections, cut through the anterior region of the head. In

the case of adult animals a mixture of equal parts of 1 per

cent, chromic acid and 1 per cent, hydrochloric acid was used

for decalcification ; but in the case of the embryos the follow-

ing solution, recommended to me by Mr. J. Bles, was used

with success :—900 parts of 90 per cent, alcohol, 70 parts of

formalin, and 30 parts of acetic acid. For thorough decalci-

fication this mixture was required to be renewed every few

days for two or three weeks.

Sections were also cut of the entire soft tissues removed

from the pit, and treated by Weigert's method for nerve

tissue. A figure is given of the edge of the pit treated in

this way (PI. 4, fig. 17) ; in it only the larger nerve-fibres

can be distinctly seen.

II. The Structure of the Organ in the Embryo.

The outer and inner chambers of the pit arise by invagina-

tions of the epidermis. That which gives rise to the outer

chamber retains a widely open communication with the ex-

terior, but that which ultimately gives rise to the inner
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cliamber only retains a communication with the exterior, in

the adult animal, by the small pore opening at the anterior

angle of the orbit. The second invagination, which gives

rise to the inner chamber, arises at the side of the first one,

—

in fact, almost as a lateral dilatation of it.

The layers of tissue intervening between the inner chamber

and the maxillary bone are of greater thickness in the embryo

than in the adult, but there are only two of them. The

lining cellular layer is very thin, but there is a considerable

development of the delicate layer of connective tissue imme-

diately outside the maxilla. This layer contains much

branched connective-tissue corpuscles, with large oval nuclei,

and close to the outer surface of the maxillary bone these

corpuscles are very numerous.

It is not until a late stage in development that the cham-

bers of the organ become lined by a distinct cuticle, and

the crenulated cuticle does not make its appearance until the

animal is still further advanced in growth.

The pit-membrane of the embryo is of much greater thick-

ness than that of the adult, and is not so transparent. In a

well-grown embryo it is about 54 fx in thickness, but this be-

comes reduced to less than half as the animal becomes adult.

It contains relatively fewer blood-vessels, and the reticula-

tion of capillaries, which forms such a conspicuous feature of

the structure in the adult, is by no means so marked. On
the outer side of the pit-membrane there are several layers

of flattened cells which rest upon a single layer of cubical

supporting cells, with large round nuclei. On the inner sur-

face of the membrane is a layer of somewhat short and very

broad cells with round nuclei similar to those of the outer

layer of supporting cells. Between these layers are large

numbers of non-medullated nerve-fibres and a few blood

capillaries. The nerve-fibres have prominent nuclei, and

mostly run close to the inner surface of the membrane.

They are continuous towards the outer surface of the mem-
brane with branched nerve-cells, the latter i-eceiving pro-

longations direct from the innermost of the flattened cells on
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the outer surface of the membraue. These processes pass

between the cells of the supporting layer, and connect the

outer flattened nerve-cells with the inner branched nerve-

cells, the latter being in direct continuity with the nerve-

fibres (cf. PL 4, fig. IG).

III. Conclusion.

That this large and prominently situated sense-organ of

the pit viper must be of some considerable use to the animal
there can be no doubt, but no likely suggestion has been
made concerning its probable function. Russell and Horae,^

so long ago as 1804, expressed the idea that the apparatus

was a " membrana nicfcitans," but at that time the sensory

nature of the organ had not been discovered. Demoulins ^

(1854) writes, " organes particulieres, dont I'usage on la

fonction ne sont pas connus; " and Boulenger^ (1890) states

that ''the physiological significance of this pit is still

unknown."

It is reasonable to suppose that an organ of this nature

must be concerned with some peculiarity in the mode of life

of the crotaline snakes, but no recorded observations offer

the slightest clue to the presence of anything aberrant in the

habits of these animals not exhibited by other vipers.

The thin wall separating the organ from, the orbit and the

groove leading from the pit to the eye are somewhat remark-

able features, and may be of more significance than is at first

sight apparent. Again, the main partition stretched across

the hollow of the maxillary bone like the membrane of a

drum is an interesting feature, especially as it is the only

truly sensory part of the organ.

Another feature exclusively possessed by the Crotalinee

among venomous snakes is the sphincter near the termina-

tion of the poison duct, and, as the sense-organ is lodged

' Russell and Home, I. c. (1804).

' Demoulins: cf. Bibronu. Demeril's'Erpetologie,' 1854 (videLeydig, 1. c).
3 Poulenger, ' Fauna of Brit. India : llept. and Batracli.,' 1890, p. 418.
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in the hollow of the maxillary bone, i. e. practically in the

base of the poison fang, and therefore in very close proximity

to the sphincter of the poison duct, can these features be in

any way associated ?

A careful study of the habits of these animals in their

native localities, especially with regard to any peculiarities

which they may exhibit in their mode of life, would no doubt

do much to elucidate the nature of the sense-organ j and it

seems probable that the exact function of this tegumental

sense-organ of the lateral line series, so characteristic

of a large group of viperine snakes, will not be thoroughly

understood until such an investigation has been made.

DESCRIPTION OF PLATE 4,

Illustrating Mr. Gr. S. West's paper '' On the Sensory Pit

of the Crotalinse."

Reference Letters.

b. V. Blood-vessels, c. Cuticle, c. t.f. fibrous connective tissue (together

with a few fine nerve-fibres), gr. Groove passing from the pit to the eye.

h.gl. Harderian gland, i. c. Inner chamber of pit. mx. Maxillary bone.

n. Nostril, n.f. Nerve-fibres, n. t. Nerve terminations, o. c. Outer

chamber of pit. o. ext. External opening of sensory pit. o. i. Opening of

inner chamber to the exterior. /). A. Poison duct. ftg. Pigmeut cells, p. m.

Pit-membrane. F. m. Maxillary branch of V nerve. V. o. Ophthalmic

branch of V nerve.

PLATE 4.

Fig. 1.—Laches is mutus : head viewed from the left side, showing the

relative positions of the sensory pit and the nostril. Nat. size.

Fig. 2.—Lachesis mutus: anterior portion of left side of head. Nat.

size. The flap of tissue partly covering the external opening of the pit is

lifted up, showing the groove between the pit and the eye, and the external

opening of the inner chamber {p. i.).
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Fig. 3.

—

Lacliesis niutus: enlarged surface view of the pit-membrane,

showing tiie characteristic folds.

Fig. 4.—Cro talus terrificus: iiead of adult from left side. Nat. size.

Fig. 5.—Crotalus scutulatus: head of embryo from left side. Nat.

size. (At this stage the scales are well marked.)

Fig. 6.—Lachesis Wagleri: anterior portion of head from left side.

X 2. The posterior edge of the lower antorbital scale is slightly reflected to

show the external opening of the inner chamber {o.i.).

Figs. 7—9.

—

Crotalus triseriatus : nerve terminations from a teased-

up pit-membrane. X 520.

Fig. 10.—Crotalus terrificus : portion of a section to show the tissues

between the inner chamber and the maxillary bone, x 520.

Fig. 11.—Lachesis gramineus: surface view of the crenulated cuticle

covering the inner wall of the inner chamber, x 500.

Fig. 12.—Lachesis lanceolatus: anterior portion of head from right

side. X 2.

Fig. 13.—Lachesis mutus: dissection of left side of head from above

to show the nerve supply of the sensory pit. Nat. size. The dotted line

indicates the depth of the pit.

Fig. 14.

—

Crotalus terrificus: vertical section through the entire

sensory pit of adult. X 18. Nerve-fibres from branches of the V nerve

are seen passing into the pit-membrane.

Fig. 15.—Crotalus terrificus: section of pit-membrane of adult animal.

X 520.

Fig. 16.—Crotalus scutulatus: section of pit-membrane of embryo.

X 520.

Fig. 17.— Crotalus triseriatus: section of lower portion of sensory

pit. X 75. The larger nerve-fibres are shown out black by Weigert's

method.
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A Reinvestigation of the Early Stages of the
Development of the Mouse.

By

J. W. Jenkiiisoii, M.A.,

Assistant to Uie Linacre Professor of Comparative Anatomy in the Universily

of Oxford.

With Plates 5 and 6.

About a year and a half ago, while working in Professor

Weldon's laboratory at University College, London, at cer-

tain points in the organogeny of the Mammalia, I cut a series

of sections of the pregnant uterus of a mouse, which proved

on examination to contain a much younger embi^o than I had

anticipated; and on searching through the literature of this

subject, I came across, in vol. xxxiii of this Journal, a paper

by Eobiuson (26) describing the development of the germinal

layers in the mouse and rat, and containing figures which, I

found, differed considerably from my own sections. I also

found that the observations of the author were not only in

startling disagreement with those of earlier investigators

—

such as Selenka and Duval—on the same genus, but that they

were also totally at variance with what might have been
expected from the known embryogeny of other types. In

addition, the writer of the paper seems to have been so cer-

tain of the accuracy of his own description that he ventured

to call in question the validity of the interpretations put by
others (van Beneden, Hubrecht, Selenka, Duval, etc.) on
their own work, and to substitute for them a generalisation

founded only on the single form which he had investigated,

but which he wished to'apply to the whole of the Mammalia.
Still he was able, in a short paper—published subsequently (26)
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—on Mustela ferox^ to substantiate in some measure, as he
believed, his previous assertions. His work, however, was
received, if we may judge from an article of Born's (8) and
from Duval's (12) comments on "les precieuses observations

publiees recemment par Robinson sur la cavite de segmenta-
tion des Rongeurs,'' with less criticism and suspicion than it

would seem to have deserved ; and I hope, therefore, that I

need not apologise for publishing the results of some investi-

gations which I have undertaken with the view of finally

deciding, if possible, whether Robinson's account or that of

the earlier observers was correct.

I have been fortunate enough to obtain between thirty and
forty embryos of the critical age (about the fifth day, when
the blastocyst is still free in the uterus). These were pre-

served in rather weak Flemming's solution, which was injected

into the uterus, and the latter, with the contained embryos,

was cut into series and stained in various ways. In order to

ensure a most careful examination of the sections, I have

taken the precaution of making camera drawings of all of

them, and I append a list of those embryos of which I have

counted the nuclei, which will show, I think, that my series

is tolerably complete :

22.—195
23.—200
24.—220
25.-256
26.—261
27.-285
28.-295

Table showing in ordsr the number of nuclei in twenty-eight mouse

embryos. In the youngest of these the inner mass is quite undifferentiated,

and the blastocystic cavity is small. In the oldest the epiblastic mass is well

formed, and the hypoblast is partially extended round the inside of the much
enlarged blastocyst.

According to Robinson, the blastocyst of the mouse in its

earliest stage consists of a hollow oval vesicle, one end of

which—the " floor "—is formed of a mass of cells two or

three deep, " which is not separable into an inner mass of

1.— 55
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hypoblast and an outer layer of epiblast " (25, p. 377),

while the other end, the " roof," and sides of the vesicle

are composed of a single layer of cells (see his figs. 3 and 4).

The '' floor " he terms hypoblast, the sides and " roof " epi-

blast, the '^cavity " segmentation cavity (Plate 5, fig. A). The

long axis of the blastocyst is parallel to that of the uterus

lumen, the "floor" is distal or anti-mesometric, and the

embryo is as yet free. The " roof " and sides of the blastocyst

now increase very considerably in extent (see his fig. 5), and

in the next stage (his fig. 6) the embryo is found, still not fixed,

in a cylindrical anti-mesometric diverticulum of the uterus

lumen, which is lined not by the ordinary columnar cells, but

by a rather low cubical epithelium. The "floor," as before,

stains more faintly than the sides and "roof," which latter

is (25, p. 879) " continuous with a mass of nucleated

protoplasm which occupies the interior of the vesicle," and

which agrees in staining characters with the walls, though

its nuclei are small. " In the interior of the inner mass is a

small cavity, from which a dark line extends to the surface of

the proximal pole of the ovum." "It seems probable that

during the sixth day the thin roof of the blastodermic vesicle

is invaginated into the blastodermic cavity. ... It does

not become divided into an outer layer and an inner mass, for

the inner mass is undoubtedly formed by invagination of

the thin roof of the vesicle " (the spacing is mine) (fig. B).

The segmentation cavity thus becomes obliterated, and

a cavity is formed in the thickened floor by vacuolation, the

cavity of the yolk-sac (his fig. 7). By the development

of this a stage is reached in which the epiblastic knob (the

invaginated inner mass) is found resting on the concave

proximal end of an elongated yolk-sac, and covered by a cap

of trophoblast derived from the sides of the original segmenta-

tion cavity (his figs. 8 and 9) (Plate 5, fig. C). By the growth

of the trophoblast is formed the "Trager," which subsequently

invaginates the epiblastic knob into the cavity of the yolk- sac

(his figs. 10, 11, and 12) (Plate 5, fig. D).

Such is Robinson's description. In the last-mentioned
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respect it agrees with those of Selenka (27) and Duval (11),

but in his refusal to recognise a layer of trophoblast outside

the yolk-sac, as well as in his account of the mode of

development of the latter, and of the epiblastic knob, and of

their relations to one another, he diifers widely from them.

I can only say that the study of my own preparations, quite

apart from more general considerations, has convinced me
that Selenka and Duval are right, though Duval's ngures

are somewhat diagrammatic, and that the interpretation

Robinson has put upon his sections is absolutely incorrect.

The formation of the primitive layers is not so different in

the mouse to what it is in other mammals, as Robinson's

description would lead us to suppose. In a young blastocyst,

such as he has figm'ed, there are present (1) an outer layer,

one cell deep, of trophoblast, which is continuous over (2) an

inner mass which becomes differentiated into the embryonic

epiblast and the hypoblast^ and which is quite distinct from

the overlying trophoblast, as my specimens invariably show

(see especially figs. 1, 2, 3, 4, and 5, the last of which is cut

transversely). At a certain stage this proximal trophoblast

(the so called Rauber's cells of the rabbit) certainly becomes

very thin (figs. 6 and 7), but it never wholly disappears, and

soon thickens again (fig. 8) to form the " Trager," or, to use

a modern expression, trophoblastic syncytium, which is

destined to play an all-important part in the formation of the

placenta. Up to this point the development of the blasto-

cyst consists merely in the multiplication of the cells of all

layers, in the separation of the hypoblast, which commences

to grow round and across the inside of the trophoblast, from

the embryonic epiblast, which is now rounded off into a

definite spherical or ellipsoid mass, in the flattening of the

trophoblastic cells, and the considerable enlargement of the

blastocystic cavity. This agrees essentially with the account

of Selenka (27), Duval (11), and Cristiaui (10), as may be seen

by a reference to their figures (Selenka, figs. 1, 2, 3, 6, 7, 9,

10; Duval, figs. 73—80, 83, 84; Cristiani, figs. 21, 24, 26,28,

31), which call for little comment except that Duval does not
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sufficiently emphasise the distinction between epiblast and

proximal trophoblast, a point to which he attaches consider-

able theoretical importance, and to which I shall have to

return later.

In attempting to account for Robinson's error I am inclined

to believe that he had some difficulty in identifying the tro-

phoblast in a later stage (such as that which I have repre-

sented in fig. 8 ; compare Selenka, fig. 25, and Duval, fig. 90),

in which it is enormously extended and thinned out (Reichert's

membrane) and not always easy to distinguish from the

submucosa of the uterus ; and that his endeavour to give an

explanation of this has led him to a misinterpretation of the

earlier stages. In the first place he has assumed that the

unattached blastocyst, as it moves down the uterus to the

position it is permanently to occupy, does not rotate upon

itself in every possible direction (as it most certainly does),

and hence, with the help of a slight difference in staining, has

identified that end which he happened to find anti-mesometric

in a free blastocyst, and which is in reality the embryonic

knob, with the end which is distal, or anti-mesometric in a

fixed stage, that is to say the yolk-sac, and has therefore

labelled this end hypoblast (see his figs. 3, 4, 5; fig. A).

In the second place he has described an " invagination " of

the " roof " of the " segmentation '' cavity (his words in this

connection are somewhat inconsistent) from two sections only,

figured in his figs. 6 and 7. The first of these, I think, must

have passed through a fold in the trophoblast, such as are of

frequent occurrence in material fixed with picro-sulphuric

acid ; this fold would be what he calls hypoblast ; what he

has described as the epiblast I believe to be really so, or

rather the embryonic knob, but I feel sure that the line by

which he makes the central cavity of this epiblast communi-

cate with the exterior is an artifact. Fig. 7, I think, must be

tangential (it is the tenth of fourteen and cut obliquely !), the

appearance of the spaces (which he regards as separate,

though he advances no evidence in support of this, and as

segmentation and yolk-sac cavities respectively^ being due to

VOL. 43, FART 1. NEW SERIES, iS
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the irregularly folded surface of the trophoblast (I have

shown a section of a similarly distorted blastocyst in ray

fig. 6).

And lastly, in figs. 8 and 9, he has made the distal and

lateral trophoblast continuous^ not with the proximal tropho-

blast overlying the epiblastic knob (the distinction in staining

properties which he has introduced is, in my opinion, much
exaggerated, and in any case of insufficient value by itself),

while in figs. 10 to 12 he has ignored this layer altogether

(compare figs. C and D). With regard to Robinson's

account of the isolated stage he had of the ferret, according

to which there is here also an epiblastic disc resting on the

surface of a hypoblastic vesicle, I think it must be regarded

as probable that he was not unbiassed by his previous inter-

pretation of the development of the mouse. But whether

this description is correct or not, I hardly think it justifiable

to base a speculative theory on an individual case, as Robinson

has done (and he is not the only one), more particularly in

mammalian embryology, a subject by no means easy to work

at in itself, and in which it is peculiarly difficult to bring the

phenomena into line with what is known of the development

of other Vertebrata. Before, then, I proceed to criticise the

theories of Robinson, Assheton, and Duval, I may perhaps be

allowed to briefly review the history of our knowledge of the

embryogeny of the Mammalia.

As is well known, the first accurate account of the de-

velopment of the mammalian ovum was given by van

Beneden, who published in 1875 a very careful description

of the segmentation and formation of the germinal layers in

the rabbit. According to him, one, the larger and clearer of

the first two blastomeres, divided more rapidly than the

other, and there resulted an embryo composed of an outer

layer of clearer cells derived from the former, surrounding,

except at one point, an inner mass of somewhat larger and

darker cells derived from the latter. The outer layer van

Beneden termed from its subsequent fate ectoderm, the inner

mass endoderm ; he named the whole a metagastrula, and
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the one point where the outer layer was incomplete a blasto-

pore. By the continued enlargement of the cavity which

appeared between the outer layer and inner mass the

blastodermic vesicle was formed, in which the inner mass of

rounded cells was attached at one point, the site of the

blastopore, to the inner surface of the hollow sphere of

flattened cells derived from the outer layer. The innermost

cells of the inner mass now began to spread out and grow
round the inner surface of this sphere, the remainder forming

a definite layer, the mesoderm, between the two primary

ones. The embryonic area was thus marked out, and it

became possible to definitely compare such a blastodermic

vesicle with the blastoderm of a chick, especially when it

was shown that the formation of the primitive streak,

amnion, and allantois was essentially the same in the two

cases. However, Rauber published almost at the same time

an account of his own independent researches, in which he

energetically maintained that what van Beneden had de-

scribed as mesoderm was in reality the embryonic ectoderm

(which was therefore derived from the inner mass), while

the flattened cells of the outer layer over these (since known
as Rauber's cells) disappeared, the remainder of the outer

layer fusing with the edges of the disc of embryonic ectoderm.

These conclusions van Beneden refused to accept until

compelled to do so by Kolliker's careful reinvestigation of

the subject published in 1882. Since then the researches of

Selenka on Mus, Arvicola, Cavia, and Pteropus, of Heape
and Liebei'kiihn on Talpa, of Hubrecht on Erinaceus, Sorex,

Tupaia, and Tarsius, and of Assheton on Sus and Ovis, have

all tended to show, firstly, that in the typical mammalian
blastocyst the embryonic epiblast, and frequently the true

amnion, as well as the whole of the hypoblast, are derived

from the inner mass, while the outer layer, which we may
now, with Hubrecht, speak of as the trophoblast, gives rise

to the false amnion, and comes into close connection with the

uterus, playing a very important part in the formation of the

placenta; and secondly, that while the mode of formation of
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the amnion is exceedingly variable, there is always a stage in

which the knob of embryonic epiblast is included in the

trophoblast or false amnion. In some cases (Erinaceus,

Cavia, Pfceropus) a cavity, the amniotic cavity, which never

communicates with the exterior forms inside this knob ; in

others (Mus) the cavity is only temporarily in connection

with a cavity in the Trager, and in others again (Lepus,

Vespertilio, Sus, Ovis, Sorex, Talpa, Tupaia, Tarsius) the

epiblastic knob folds or flattens out, the overlying tropho-

blastic cells (Rauber's cells) disappear (though this is denied

by Assheton for the rabbit, and Heape for the mole), and

the amnion then forms in the characteristic Sauropsidan

manner.

Most writers have, therefore, agreed that van Beneden's

theory of the metagastrula was premature, that the primitive

streak really represents the point where gastrulation takes

place, and that the so-called blastopore in those forms in

which it has been found (Lepus—though its existence here

is denied by Assheton—Talpa, Vespertilio, and Didelphys)

is a structure of unknown significance. At the same time it

must be admitted that Selenka's account of the development

of the opossum is difficult, if not impossible, to reconcile

with what we know of other mammals. It may be that a re-

investigation of the early stages in the segmentation of the

Marsupial ovum will throw fresh light on this subject, or

possibly the development of this group of animals is quite

different to that of the remaining Placentalia.

More recently, however, Duval (12) has announced his

intention of resuscitating and defending the abandoned meta-

gastrula theory of van Beneden. His views are based on his

account of the development of Vespertilio murinus. There

is in this mammal, according to Duval, an epibolic gastrula,

of which the outer layer of clear cells is derived from two of

the blastomeres, the inner mass of dark cells from the re-

maining two in the four-celled stage, the earliest which

Duval was able to find. At the opposite pole of the ovum to

that at which the inner mass is attached (the point where van
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Beneden, Heape, and Selenka found the "blastopore"),

Duval also figures a gap in the outer layer to which he gives

this name. The inner mass is, according to him, endoderm

alone, and soon becomes everywhere reduced to a single

layer of more or less flattened cells spread over the inner

surface of the ectoderm, while the epiblastic knob is produced

by an inward proliferation of certain cells of the outer layer

(see figs. E, F, G). This is also, it should be said, the

account given by Duval of the formation of the embryonic

epiblast in the mouse, rat, and guinea-pig. Now, as far as

the mouse is concerned, I have little hesitation in saying that

Duval's interpretation is wrong. I have already said that

his figures are diagrammatic, and I think a comparison of

them with Selenka's or mine will convince anyone that this

is so. In my series of embryos, which I think it will be

admitted is a tolerably complete one, I have the clearest evi-

dence that the inner mass, the cells of which are at first all

alike, becomes gradually differentiated into a compact epi-

blastic knob and hypoblastic cells, many of which are isolated

from one another as they creep round the inside of the

blastocyst. The trophoblast cells overlying the inner mass

are, almost from the first, as Selenka originally described

them, very much flattened, and could not well be supposed

to have given rise by proliferation to the rounded cells of the

embryonic epiblast ; and, besides, all the mitoses that I have

found in the ti'ophoblast have the axes of their spindles tan-

gential. Finally, though I should be unwilling to lay any

great stress upon this, it seems to me a little remarkable that

the ratio of the number of cells in the inner mass to that of

those of the trophoblast is sensibly equal, in those stages in

which the epiblastic knob is already beginning to be differ-

entiated, to what it is in the earlier stages, in which no

difference is to be detected among the cells of the inner mass.

I think, therefore, we may take it that Duval's account of

the mode of formation of the embryonic epiblast in the

mouse is not correct, and if so we may fairly regard with a

certain amount of suspicion his description of the same pro-
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cess in the bat. Judging from what I know to be the effect

of picro-sulphuric acid upon delicate blastocysts^ I should

think it quite possible that Lis " blastopore " is an artifact.

But, apart from this, there is a very serious gap in his series

at what is, for his theory, the most critical point; for he has

no embryos whatever between the stage in which the inner

mass is still several cells deep, at the point of its original

attachment to the outer layer, which is everywhere composed

of a single layer of cells, and the stage in which, as he inter-

prets it, the inner mass has completely spread out as a single

layer, while the cells of the outer layer have at one point

proliferated to form the " amniotic mass." The cells of the

inner layer are at this point, as he admits, closely related to

those of the '^ amniotic mass " (he homologises this fusion

with the primitive streak), and taking into consideration

what we have seen of his description of a similar stage in

the mouse, together with the absence of the hypothetical

stage (fig. F), in which the cells of the outer layer and

those of the inner mass are alike disposed in a single layer,

it does not seem impossible that Duval's interpretation may
here also be at fault. But, whether the bat differs from

most other mammals in this respect or not, it seems a little

hazardous to suppose that other authors have misinterpreted

the phenomena observed by them in such different mammals
as Talpa, Tupaia, Sorex, Lepus, Mus, Cavia, and—since

Duval wrote—Tarsius, Ovis, and Sus.

It is not necessai'y to criticise in detail Duval's attempt to

interpolate a hypothetical ''stade didei'mique primitif," not

observed even by himself in Vespertilio, among the stages

figured by these writers, because any one who will take the

trouble to look at these figures and descriptions (Heape, 13,

14; Hubrecht, 15—19; Assheton, 2, 3; Selenka, 27—30)
will be able to convince himself that Duval's interpretation

of their facts is exceedingly strained. Indeed, Assheton has

a.lready expressed his opinion that such a stage could hardly

have been ovei'looked by the many investigators who have

worked on the rabbit ; and as far as Mus, Sorex, Tupaia, and
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Tarsius are concerned, all of which I have myself studied. I

believe Duval's hypothesis to be quite uuteuable, particularly

in the last-mentioned case, in which the epiblastic knob is

differentiated long before the hypoblast grows out to form

the umbilical vesicle. Erinaceus, it must be admitted, is an

exception, in so far as here the epiblastic knob does not begin

to form until some time after the hypoblast is completely

separated off; but we must at the same time remember that

the earliest stages in the development of this mammal are

quite unknown to us.

We may now turn to a consideration of the far-reaching

speculations of Robinson (25) and Assheton (2). Of these

Assheton's is partly based on that of Robinson, while both

rest upon phenomena which their authors have, or supposed

themselves to have observed, in a single genus alone.

I have already endeavoured to show that Robinson's

account of the early development of the mouse is devoid of

any serious basis in fact; and I need, therefore, now only

briefly discuss his extension of this erroneous description to

the rest of the Mammalia.

Starting from a comparison of the blastocystic cavity with

the segmentation cavity, and of the embryonic knob with the

yolk-cells of the lower Vertebrata (an homology which might

be criticised on more grounds than one), he finally arrives at

the conclusion that the epiblast forms a small knob on the

surface of a hypoblastic vesicle, round which it is unable to

grow as it does in the Sauropsida and in Erinaceus ; and

seizing on the statement of van Beneden and Julin (since,

however, contradicted by Duval), that in the bat the hypo-

blast does not completely grow round at the anti-embryonic

pole of the blastocyst, he puts forward the hypothesis that it

is in reality the edges of the epiblast which are here free,

while the hypoblast forms a completely closed vesicle round

which the epiblast grows, and not conversely (fig. H), and

this hypothesis he proposes to extend to the rabbit, mole,

and other mammals. This strained interpretation has been

already contested by Assheton, and a glance at his figures.
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and at those of Heape, Hubrecht, Selenka, Duval, and others,

will show how impossible it is.

Now, although Asshetou refused to accept these specula-

tions of Robinson, he fully acquiesced in the account given

by the latter of the development of the mouse ; and having

found in the sheep (although not in the pig) what he believed

to be evidence for the hypoblastic nature of the trophoblast,

he has proceeded to apply this as a generalisation to every

other mammalian blastocyst. The only criticism of this is,

as before, to refer the reader to the original descriptions and

figures of the various authors, an inspection of which will

show whether the ingenious diagrams which Assheton has

published are defensible or not. It will be more profitable

to consider the basis in fact upon which he believed his

theory to rest, and the speculative arguments which he has

urged in its support.

Assheton found that in some, though not all of his speci-

mens of the segmented ovum of the sheep, certain of the

cells which were placed internally stained less deeply than

the others (fig. L). These less deeply stained cells he

thought he could trace to the epiblastic knob of the blasto-

cyst, the outer darker cells to the trophoblast ; and since he

found that some of the cells of the inner mass prior to the

appearance of the blastocystic cavity (fig. M), and the

hypoblast cells in a later stage (fig. N) agreed with the

trophoblast, and not with the epiblast in their staining

character, he came to the conclusion that the trophoblast

was hypoblastic in origin, and formulated the theory that

the blastocyst of the placental Mammalia represents a Sau-

ropsidau ovum which has lost its yolk, and into which the

embryonic epiblast has sunk.

Now I think it must be admitted that morphological con-

clusions drawn from a slight difference in staining reaction

are open to grave suspicion, especially when the difference

is not to be detected in all the preparations, and is absolutely

unsupported by any other evidence, such, for instance, as

the direction of the nuclear spindles, which in Assheton's
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fig. 9, for example, are just in the opposite direction to wliat

one would have expected on his theory ; when, moreover, an

allied animal, the pig, affords no confirmation of such a view,

and the evidence furnished by all other Mammalia is dis-

tinctly opposed to it ; and is it not a little unfortunate in this

connection that the same author's figures of the rabbit (1)

should show a staining reaction which suggests the very

opposite interpretation to that which he has advocated here

for the sheep (see his figs. 22, 24, 27). If this is so,

then the basis of fact upon which Assheton has relied

becomes very slender indeed. We will turn, therefore, to a

consideration of the general arguments advanced in favour

of the hypothesis; and we will admit for the moment that

the Mammalia are immediately descended from ancestors

with a megalecithal egg, from which the yolk has in all the

Placentalia practically disappeared. Assheton supposes (see

his diagrams A—D) simply that the epiblast, which in a

Sauropsidan grows over the surface of the yolk, has ceased

to do so in all mammals except Monotremata, and has instead

become included in it; and that the blastocystic cavity cor-

responds to the archenterou, which he (and also Robinson)

believes to arise in the Sauropsida as a split amongst hypo-

blast cells.

I am aware that the current view of the origin of the hypo-

blast, as set forth in the ordinary text-book of embryology,

is that it arises from those yolk-nuclei which are separated

from the blastoderm by the first tangential division. Now I

do not wish to express a positive opinion in this matter, be-

cause I have not yet had the opportunity of looking at pre-

parations of the blastoderm of the chick during the early

stages of segmentation ; but, judging from what I have seen

of some very excellent preparations of the early stages of

incubation, I should like to suggest that the " Dottersyn-

cytium," as it seems undoubtedly to be in Teleostei, and

possibly in Elasmobrauchii, and as Mehnert has stated it to

be in Emys (22), is also in the chick a structure entirely

sui generis, separated at an early stage from the primitive
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blastoderm, but certainly not derived from the " Neben-
spermakerne '^ of Riickert and Oppel. The function of this

structure is simply " Dotter-resorptiou/' and its nuclei do not

form any part of any embryonic layer whatever, but swell,

divide directly, disorganise, and ultimately disappear; while

the hypoblast proper is derived later on from the blastoderm.

If this were so, then on the assumption that the mammalian
ovum was once megalecithal and similar to that of the Sau-

ropsida, the theoretical reasons which Assheton has urged

would lose greatly in force ; for it would not in that case be

the trophoblast and hypoblast which were derived in the

segmented ovum from a cell or group of cells separate to

that which gave rise to the epiblast, but the epiblast and

hypoblast which arose in common from a group of cells,

namely from the inner mass, which was distinct from the

trophoblast.

At the same time it must be remembered that in the Am-
phibia yolk-cells and hypoblast are identical, and that in the

Gymnophioua we have what appears to be a condition inter-

mediate between the former and the Sauropsida; though even

here, judging by Brauer's figures (9), a good many yolk-

nuclei are left unaccounted for after a definite epithelium has

been formed to make the floor of the gut.

It might still be urged, of course, that the trophoblast was

the representative of the " Dottersyncytium," but this is not

the point in Assheton's paper. Minot (23), indeed, has insti-

tuted a comparison between the Mammalian blastocyst and

the segmented ovum of Amphibia, in which he does homo-

logise the trophoblast of the former with the yolk-cells of the

latter, which he supposes to have grown over the epiblast as

Rauber's " Deckschicht" (see figs. I, K). He, however, does

not treat the hypothesis at great length, and dismisses rather

lightly the somewhat fatal objection that in the mammalian
blastocyst hypoblast cells are found at an early stage under-

neath the epiblastic mass.

But, setting aside these perplexing and somewhat unpro-

fitable speculations, there is a much more serious objection
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to Assheton's theory; an objection wliich he himself has

seen. If the trophoblast is hypoblastic; then the false

amnion of the Mammalia cannot possibly be homologous

with that of the Sauropsida, and the character by which

these two groups have up till the present been distinguished

from the Anamnia has no morphological value whatever.

Assheton pleads that in the Sauropsida it is from the hypo-

blast that the embryo draws its first nourishment, and that

as the trophoblast performs a similar function in the Mam-
malia, it may therefore be regarded as hypoblastic; I can

only say that to do this seems to me to substitute analogy

for homology, in short to abandon the morphological stand-

point altogether; and as such the argument stands self-

condemned.

In conclusion, speaking for myself, I believe that all

attempts to institute homologies between the mammalian

blastocyst as such, and the segmented ova of other Verte-

brata, are foredoomed to failure, just because the conditions

under which the Mammalian ovum develops are so peculiar,

and because we have at present no clear idea of how this

ovum came to be derived from that of either an amphibian

or reptilian ancestor. The phenomena which we observe in

the early ontogeny of the Mammalia are, in my humble

opinion, absolutely sui generis; and I believe that the

only sure method of arriving at any homologies at all is to

take, not the ovum, but the embryo at a time when it

possesses an organ, such as an amnion, which can be de-

finitely compared with a similar organ in other groups, and

from this to argue backwards to an earlier stage.

Until lately two separate processes have been, so far as

concerns the Vertebrata, confused under the term "gastrula-

tion." The first is a movement of the vegetative cells to-

wards the animal pole, inside the cells of which they may,

and do in small-yolked, holoblastic eggs, become included

;

the second is a backward and lateral overgrowth and in-

growth of animal cells to form a notochordal and mesodermal

plate, and possibly the roof of the gut on the inside, and on
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the outside the medullary plate, which thus lies on what was

originally the vegetative pole of the egg (a somewhat awk-

ward fact for such hypotheses as Minot's). This second

process appears to be represented in the higher Vertebrata

by the primitive streak ; the first (in the Sauropsida at

any rate) by the growth of the epiblast of the blastoderm.

These are facts which any one may observe for himself in

the frog, and which, taken in conjunction with Brauer's

remarkable and brilliant work on Hypogeophis, do much to

remove Lwoff's (21) original generalisation from the region

of pure hypothesis.

It would seem, therefore, that a knowledge of the axes of

the ovum during segmentation is necessary before it is

possible to speak of gastrulation at all; aud it is just this

knowledge which, for Mammalia, we do not possess. More

than that, Assheton was unable to confirm in the rabbit van

Beneden's statements as to the inclusion of cells derived from

one of the first two blastomeres in a layer derived from the

other, though Duval has, indeed, reasserted this for the bat.

I therefore think it preferable to avoid the term gastrulation

altogether, whether applied to the formation of the blasto-

cyst, or to the primitive streak; and not even to use the

alternative of hypergastrulation suggested by Seleuka to get

over the original difficulty of the inclusion of epiblast as well

as hypoblast in the inner mass.

If it is necessary to employ any term at all to express the

processes which result in the formation of the blastocyst, I

should prefer to speak of a very early development of the

amnion (due to whatever causes) in placental mammals.

This is an actual ontogenetic fact in Erinaceus, Pteropus,

and Cavia ; and as it is a stage through which the embryos

of all Placentalia pass, I think it is justifiable to believe that

it is, for them, the more primitive one. But that this

points to the direct descent of the Mammalia from a vivi-

parous amphibian aucestor, and to the secondary oviparity,

and formation of the amnion by folds in the Sauropsida, as

Hubrecht has suggested, is a hypothesis on which I will uot
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venture at present to express a very definite opinion, except

that I am incliued to believe that a via media miglit be

found, wliicli should avoid those grossly mechanical explana-

tions of the origin of the amnion and allantois, against which

this author has rightly protested, on the one hand, and on the

other the very serious difficulties in which the Monotremata

involve us when we attempt to derive the Mammalia directly

from an Amphibian ancestor with a small-yolked and holo-

blastic ovum.

Before I conclude I must express the great obligations I

am under to Professor Weldon, to whose kind encouragement

and sympathy I owe it that I have been able to undertake

this piece of work at all ; to Professor Lankester, who allowed

me both time and space in his laboratory here last year ; to

Mr. G. C. Bourne and Mr. (now Professor) E. A. Minchin

for many hints and suggestions ; and last, but by no means
least, to Professor Hubrecht, with whom I spent five weeks
last Christmas, for his generosity in giving me free access to

his laboratory and his preparations, and for his courtesy in

placing so much of his own valuable time at my disposal.

Oxford, July, 1899.

Postscript.

Since the above was written van Beneden has published

in the ' Anatomischer Anzeiger ' of last September an account

of the development of the bat (Vespertilio murinus), which

to my mind completely disposes of Duval's hypothesis of a
" stade didermique primitif," and of the origin of the embry-
onic epiblast from the trophoblast.

Van Beneden's description and figures show in the clearest

way that the epiblast in the bat, as in other forms, is a part

of the inner mass ; and I need here do no more than give a

few quotations from his paper, including his remarks on the
" blastopore " figured by Duval at the anti-embryonic pole

of the blastocyst (Duval, fig. 24). For the details the reader

must be referred to the paper itself,
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" L'opinion de Duval, sur la fermeture tardive dn blafsto-

pore au pole anti-embryonnaire du blastocyste, repose sur

l^etude d'une vesicule blastodermique qui, a mon avis, avait

ete accidentellement rompue " (p. 313).

"
. . . . Je crois pouvoir affirmer, en ce qui concerne le

Murin, que, chez ce Cheiroptere comme chez le Lapin, les

deux feuillets de I'embryon precedent I'un et I'autre, entiere-

ment et exclusivement de la masse cellulaire interne de I'oeuf

segmeute, que la couclie enveloppante [the tropboblast of

Hubrecbt] n'intervient en rien dans I'edification de I'embryon

proprement dit " (p. 317).

"
. . . . J'ai trouve la demonstration evidente du fait que

ce que Mathias Duval appelle I'amas amniotique procede con-

curremment avec la couclie qu'il nomme endoderme de la

masse interne de I'oeuf segmeute" (p. 318).

December, 1899.

List of Papers referred to in the Text.

1. AssHETON, R.—" A Reinvestigation into tiie Early Stages of tlie Deve-

lopment of the Rabbit," ' Quart. Journ. Micr. Sci.,' xxxvii, 1894.

2. AssHETON, R.—"The Segmentation of the Ovum of the Sheep, with

Observations on the Hypothesis of aHypoblasticOrigin of the Tropho-

blast," ' Quart. Journ. Micr. Sci.,' xli, 1898.

3. AssHETON, R.—" The Development of tlie Pig during the first Ten Days,"

'Quart. Journ. Micr. Sci.,' xli, 1898.

4. VAN Beneden, E.—" De la maturation d'oRuf, de la fecondation, et des

premiers phenomenes embrjonnaires chez les Mammiferes, d'apres les

observations failes chez le lapin," 'Bulletin de I'Academie Royale des

Sciences de Belgique,' 1875.

5. VAN Beneden, E.—" Recherchcs sur I'Embryologie des Mammiferes

:

la formation des feuillets chez le lapin," ' Arch, de Biol.,' i, 1880.

6. van Beneden, E., et Julin, C.—" Observations sur la Maturation, la

Fecondation, et la Segmentation de I'CEuf chez les Cheiropteres,"

•Arch.de Biol.,' i, 1880.

7. VAN Beneden, E., et Julin, C.—" Recherches sur la Formation des

Annexes fcetales chez les Mammiferes," 'Arch, de Biol.,' v, 1884.



EARLY STAGES OF DEVELOPMENT OF THE MOUSE. 79

8. BoHN.—" Erste Eiitwickeluuj? svorgiiiijii'," ' Ergebnisse dor Anatomie

und Entwickelungsgescliiclite,' 1892.

9. Bbatjer, a.—" BeitrUge zur Keiintniss der Entwickelungsgescliiclite

und der Anatoniie der Gymnopliionen," 'Zool. Jalirb.,' x, 1897.

10. Cristiani.—'L'Inversiou des Feuillels blastodermiques cliez le rat

albinos," 'Arch, de Pliys. norm, et path.,' 1892.

11. Duval, M.—" Le Placenta des Rongeurs," 'Journ.de I'Anat. et de la

Phys.,' 1889-92.

12. Duval, M.—"Etudes sur I'Embryologie des Cheiropteres," ' Journ. de

I'Anat. et de la Phys.,' 1895-G.

13. Heape, W.—"The Development of tiie Mole: the Ovarian Ovum, and

Segmentation of the Ovum," 'Quart. Journ. Micr. Sci.,' xxvi.

14. Heape, W.—"The Development of the Mole: the Formation of the

Germinal Layers, and Early Development of the Medullary Groove and

Notochord," ' Quart. Journ. Micr. Sci.,' xxiii.

15. IluBEECiiT, A. A. W.— " Studies in Mammalian Embryology. I, The
Placentation of Erinaceus europseus, with remarks on the Physio-

logy of the Placenta," ' Quart. Journ. Micr. Sci.,' xxx.

16. HuBRECHT, A. A. W.—" On the Didermic Blastocyst of the Mammalia,"

'Report of Brit. Assoc.,' 1894.

17. HuBRECHT, A. A. W.—" Studies in Mammalian Embryology. II. The
Development of the Germinal Layers of Sorex vulgaris," 'Quart.

Journ. Micr. Sci.,' xxxi.

18. HuBRECHT, A. A. W.—" Die Phylogenese des Amnions und die Bedeutuug

des Trophoblastes," ' Verhandelingen der Koninklijke Akademie van

Wetenschappen te Amsterdam,' 1895.

19. HuBRECHT, A. A. W.—"Die Keimblase von Tarsius," 'Festschrift I'iir

Carl Gegenbaur,' 1896.

20. KoLLiKER, A,—" Die Entwickelung der Keimblatter des Kaninchens,"
' Eestschrift zur Feier der Uuiversitiit zur Wurzburg,' 1882,

21. LwoFF.—" Die Bilduug der primiiren Keimblatter," ' Bull. Soc. Imp.,

Moscow,' viii, 1894.

22. Mehnert, E.—" Gastrulation und Keimblatterbildung der Emys,"
'Morph. Arbeiten ' von Dr. Gustav Schwalbe, i, 3, 1891.

23. MiNOT, C. S.—'Human Embryology,' New York, 1892.

24. Rauber.—" Die Entwickelung des Kaninchens," 'Sitzungsb. der Natur-

forsch. Gesellsch. zu Leipzig,* 1875.

25. Robinson, A.—" Observations upon the Development of the Segmenta-

tion Cavity, the Archenteron, the Germinal Layers, and the Amnion in

Mammals," ' Quart. Journ. Micr. Sci.,' xxxiii.



80 J. W. JKNKINSON.

26. Robinson, A.—"Observations upon the Uevelopniont of the Common

Ferret, Mustela ferox," ' Anat. Anz.,' viii.

27. Selenka, E.— ' Keimbliitter und Primitivorgane dcr Maus,' Wiesbaden,

1883.

28. Selenka, E.— ' Die Blatter umkehrung im Ei der Nagetliiere,' Wiesbaden,

1884.

29. Selenka, E.—'Das Opossum,' Wiesbaden, 1886-7.

30. Selenka, E.— ' Studien iiber Entwickelmigsgeschichte der Tliiere,'

funftes Heft, zweite Hiilfte : " Keimbihlung des Kalong (Pteropus

edulis)," Wiesbaden, 1892.

31. ViRCHOW, H.—'Dottersyncytium, Keimhautrand, und Bezieimngen zur

Koukrescenzlelire,' ' Ergebnisse der Anatoniie und Entwickelungs-

geschiehte,' 1896.

DESCEIPTION OF PLATES 5 & 6,

Illustrating Mr. J. W. Jenkinson's paper on " A Re-investiga-

tion of the Early Stages of the Development of the Mouse.^'

PLATE 5.

(The dark is hypoblast, the light epiblast.)

Figs. A~D.—Diagrams to illustrate Robinson's account of the develop-

ment of the mouse.

In A the blastula is shown, with a thin-walled epiblastic roof and a thick

hy])oblastic floor. In B and C the roof has been invaginated to form the

epiblastic knob, covered by the trophoblast, and the cavity of the yolk-sac has

arisen by vacuolation of the floor. In D the trophoblastic Trager has

invaginated the epiblastic knob into the yolk-sac.

Figs, E—G.—Diagrams to illustrate Duval's theory of the origin of the

epiblastic (amniotic) mass. F is the hypothetical " stade didermique pri-

milif." In G the amniotic mass is produced by the proliferation of the outer

layer.

Fig. H.—Diagram to illustrate Robinson's theory of the partial over-

growth of the epiblastic trophoblast over a closed hypoblastic vesicle.

Figs. I, K.—Diagrams to illustrate Minot's comparison of the mammalian

blastocyst, K, with the frog's blastula, I. In K the hypoblast has decreased

in size through loss of yolk, and has grown over the epiblast as Rauber's

layer.

Figs. L—0,—Diagrams to iUustrate Assheton's hypothesis of the hypo-
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blastic nature of the trophoblast. In L the outer layer of cells are hypoblast,

the inner mass embryonic epiblast. lu N the hypoblast of the inner mass is

seen to have a common origin with the outer layer, since in M the blasto-

cystic cavity appears inside the hypoblast. In the hypoblast proper is

growing round inside the trophoblast.

PLATE 6.

Fig. 1.—A young blastocyst (95 cells) in which the cavity is small, and

the inner mass undififerentiated.

Fig. 2.—A slightly older blastocyst (140 cells). The inner mass is still

undifferentiated. Owing to the slight obliquity of the section the cavity does

not appear to be as large as it should.

Fig. 3.—A blastocyst of 170 nuclei, in which the inner mass is beginning

to differentiate into epiblast and hypoblast, and iu which the trophoblastic

cells which overlie the inner mass are slightly flattened.

Fig. 4.—A blastocyst of only 105 cells, but in which the inner mass is

already differentiated.

Fig. 5.—Transverse section through the embryonic end of a blastocyst of

about the same age as Fig. 3. The trophoblast cells are quite distinct from

those of the inner mass.

Fig. 6.—A blastocyst of about 200 nuclei. The trophoblast is much

crumpled and folded, and is flattened over the inner mass. The latter is well

differentiated into a rounded epiblastic knob and scattered hypoblaslic cells.

Fig. 7.—A much enlarged though still unfixed blastocyst with nearly 300

nuclei. Over the epiblastic mass the trophoblast is very much stretched,

and the hypoblastic cells are commencing to grow round the inside of the

blastocyst.

Fig. 8.—A very much older embryo which is firmly embedded in the

uterine crypt, of which the epithelium has disappeared. The trophoblast has

proliferated to form the " Trager," which has invaginated the epiblastic knob,

iu which the amniotic cavity is apparent, into the yolk-sac.

Figs. 1—7 were drawn with Zeiss, obj. 2 mm., comji. oc. 4, X 740;

Fig. 8 with Zeiss, obj. D, comp. oc. 4, x 350.

Am. Amniotic cavity. E. Embryonic epiblast. H. Hypoblast. /. Inner

mass. T. Trophoblast. Tr. Trager. Y. S. Yolk-sac.
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The Structure of the Rostellum in two New
Species of Tapeworm, from Apteryx.

By

IV. Blaxland Beiiliam, D.Sc, M.A.,

Professor of Biology iu the University of Otago, New Zeaiaud.

With Plates 7 and 8.

On the 11th November, 1898, I received from the Curator

of the Botanical Gardens the body of a young specimen of

Apteryx Bulleri, one of a lot recently purchased by the

Corporation of Dunedin, and placed in the public gardens of

the city.

The intestine of the bird was literally crammed with para-

sites, the duodenum contained a great quantity of very small

Cestodes, measuring a sixteenth to an eighth of an inch in

length. Further down were a number of larger Cestodes of

another species, and measui'ing three or four inches in length.

Still further down, and mixed with these, were a number

of large yellow Echinorhynchus, which occurred in still

larger quantities throughout the greater part of the intestine,

as far as the origin of the cseca. I counted more than

100 Echinorhynchus, and 150 of the larger Cestodes.

In the gizzard were a number of Nematodes, measuring

about half an inch in length, as well as a number of small

isolated proglottids of some tapeworm. These appear to

belong to the small species occurring in the duodenum, where

also isolated proglottids occur, and their occurrence in the

gizzard must have been due to regurgitation.
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I suggest the names Drepanidotgenia minuta and

D. apterygis for these two new Cestodes.

I. Drepanidotsenia minuta^ n. sp.

The smaller of the two Cestodes occurs in the duodenum ;

when killed it measures from an eighth to a sixteenth of an

inch in length, with a breadth of one twenty-fifth of an inch.

The scolex is followed by about ten or twelve apparent pro-

glottids, all of which are of the same breadth. The whole

strobila thus is nearly rectangular, with the exception of

the curved scolex. In horizontal section—section, that is,

in a plane parallel to the broad surface of the worm—it

shows a maximum of eighteen proglottids, of which the ante-

rior ones are very short, and do not show on the surface

;

these are preceded by an unsegmented area or neck, equal

in length to about the first half-dozen proglottids.

In compressed specimens, mounted entire, the delimita-

tion of the scolex is obscure (fig. l),but in specimens floating

in spirit the anterior proglottids are frequently but not

invariably narrower than the hinder margin of the scolex

(fig. 2). This appears to be connected with the state of con-

traction of the pai'ts concerned, for most specimens have

the shape shown in Plate 7, fig. 1. The proglottids do not

overlap one another to any noticeable degree.

Of the eighteen proglottids, the last alone contains ripe

eggs, with fully formed onchosphere in their envelopes. This

last proglottid readily falls off, so that in many instances no

complete eggs occur. In the four or five penultimate pro-

glottids the generative organs are more or less fully formed,

but the gi^eater number show only traces of the gonads.

The isolated proglottids are usually U-shaped, and rather

larger than the terminal proglottid of the strobiJ a (fig. 7)

;

but in other cases they agree in size. Frequently during the

process of mounting a strobila a proglottid would separate.

The peculiar form assumed by the isolated proglottid, brought

about by the unequal contraction of the muscles, seems to
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serve for the better dispersion of the ripe eggs contained

within. The camera drawings (figs. 6 and 7) show the posi-

tion of these eggs in the terminal and in the isolated pro-

glottids. The spacious uterus occupies the anterior region

of the proglottid. After separation (or even before) the

circular muscles of the hinder margin contract more strongly

than elsewhere, so that this border is thrown into a curve ;

the anterior margin is thus spread out, and by contraction

of the longitudinal muscles the body-wall is drawn away
from the uterus, and during this process the thin walls of the

latter become ruptured, and thus the eggs are dispersed.

This seems to render improbable any prolonged independent

life of the proglottid (such as is recorded for those of Da v.

proglottina). The ripe eggs measure '03 mm. in diameter

over all, and possess two coats, an outer granular cellular

envelope, and an inner, firmer, thinner one, pressed against

which there appear to be flat nuclei (fig. 8)

.

The scolex, which is very much flattened from side to side,

is provided with the usual four suckers or acetabula hollowed

in the sides, and corresponding to the flat faces of the strobila

(fig. 4). Each acetabulum presents the characters usual in

the family Tseniadae, but is rather oval than circular in

outline, and seems remarkable for the fact that its lower

posterior margin projects upwards and outwards as a kind of

flap, so that sometimes in mounted specimens, as well as in

unmounted ones, examined under spirit, the aperture appears

reduced, and may even be triangular in form ("figs. 2 and 3).

From the various conditions here figured it seems certain

that this '' flap " is moveable, the general effect being that

the aperture faces forwards instead of outwards.

The apex of the scolex is provided with an armed rostellum,

which bears a ring of eighteen or twenty small booklets

arranged really in two circlets, but very close to one another,

so that the line of bases forms a zigzag (see figs. 5, 16, and

17), each of which is provided with a "handle" nearly as

long as the " blade," while the "guard" is short but quite

distinct. The entire length of this booklet is -04 mm. In
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structure the rostellar apparatus agrees with that described

for T. undulata by Leuckart (see Bronn, p. 1327), but

differs in some details. It is described at the end of the

present paper.

As to the systematic position of this Cestode, I speak with

some diffidence, since I have no recent literature, beyond a

few manuscript notes on anatomical points, to aid me in the

determination. Bronn's 'Thierreich' has not yet reached

the systematic account of the group. But the worm appears

to belong to Raillet's genus Drepanidotsenia—a charac-

teristic genus of avian parasites.

But the number of booklets on the rostellum is greater

than in those species to which I can find reference ;
^ and,

moreover, they are in two closely placed circlets instead of

the "single circle" given as a character of the genus.

The hooks themselves are larger, and apparently the parts are

better marked than in other species.

It may be a representative of a distinct genus, but pro-

visionally I name the worm Drepanidotsenia rainuta, and

characterise it as follows :

A tetracotylean Cestode measuring about To mm., with

nearly parallel sides, consisting of a very few (about a dozen)

proglottids, of which the last alone contains ripe eggs. The

scolex is much flattened ; the suckers are provided with flaps

(or valves), so that the entrance appears reduced. The ros-

tellum is complex ; the hooks, in two closely set circlets, are

eighteen or twenty in number ; each hook measures 0"04 mm.,

and has the usual parts well marked, the "handle" being

much longer thau the " guard." There is practically no

neck; the proglottids are short and wide; the genital pores

are alternate. The ripe eggs measure 0'03 mm. Hab., intes-

tine of Apteryx Bulleri.

Remarks.—The small size of the strobila and the fewness

of its proglottids render this worm rather remarkable, for it

is one of the smallest species of Cestodes. Amongst the

Tetracotylea (the family Tasniadee in the wide sense) there

1 Shipley, "On Drep. he mi gnat hi," 'Quart. Jouru. Micr. Sci.,' xl, p.613.
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are T. echinococcus, which reaches only a length of 5 mm.;
T. acanthorhyncha, Wedl, from Podiceps nigricollis-

and Davanica proglottina, Dav., from the fowl^ which

does not exceed a millimetre in length : all these have but a

few proglottids. But from each the present species differs in

various ways. From D. proglottiua, with which it has

some apparent affinity, it differs in that the suckers are not

provided with hooklets.

The peculiar flap to the sucker seems to be quite unique

amongst the family T^eniadae sensu lato; nevertheless it

faintly recalls the condition seen in the fish Cestodes, Pros-
thecocotyle Forsteri, Krefft, and Marsipocephal us

rectangulus, Wedl, both of which belong to the family

Teti-abothrida3 (order Tetraphyllidea). From Bronn's figures

it appeal's that in the former species there is a small muscular

wing arising from the outer margin of the sucker distally. It

is represented (Bronn, pi. xliv, fig. 2) as projecting into the

sucker. The representation of the other species is not very

distinct (pi. xlv, fig. 15), but there appears to be a kind of

flap springing from the lower (distal) margin, as in the species

from Apteryx. As far as I can discover from all the general

literature, one of the characters of theTasniada^ sensu lato, is

that the hemispherical sucker has not projecting mobile mar-

gins. The two species herein described appear to contradict

this statement.

II. Drepanidotaenia apterygis, n. sp.

The tapeworms from the intestine are altogether larger

than those in the duodenum, and are evidently a different

species.

They measure some 3 to 4^ inches in length, and about
i inch across the terminal proglottids ; the scolex, however,

is only about g^^- inch across, so that the worm gradually

widens posteriorly (fig. 9). The strobila consists of some

300 proglottids, most of which (about 200) are of the same

short length, whilst beyond this point they become gradually
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much longer. I killed the worms in various fluids ; those in

corrosive sublimate showed the last proglottids of about the

same length as breadth, whilst in glacial acetic acid they

shrank a great deal, and became shorter than broad. The
proglottids are a good deal imbricated, the hinder margin of

each covering nearly half the succeeding one (in the greater

part of the strobila) (fig. 13). The genital pores are alternate,

and the side that bears the pore is longer than the other, so

that each proglottid is somewhat wedge-shaped. (Here, too,

I note a difference in specimens killed differently. Those in

acetic acid show this character less than those in corrosive

sublimate.)

Here and there I noted half - proglottids intercalated

amongst the others. I believe this phenomenon has been

noted in the case of a species of Bothr iocephalus from

Japan.

The eggs, which appear distributed over the entire ripe pro-

glottid, are provided with shells only in the last dozen

segments or so. Previous to that the blastomeres into which

the ovum has segmented are plainly visible, as they readily

take the stain; whereas, when once the shell is formed, the

stain does not penetrate (in entire worms).

The onchosphere (fig. 14) measures 003 mm. (this refers

to the diameter of the refringent shell only, and does not

include the granular envelope ; the eggs, then, and the oncho-

sphere are larger than those of D. minuta), and their

booklets 0*01 mm. in length.

The SCO lex is conical, with four large oval suckers, the

lower margins of which are often everted and prominent, and
appear, consequently, to be mobile. This lower lip does not,

however, rise upwards, as in the preceding Cestode, but the

cavity of the sucker is directed outwards.^ The shape of the

suckers and general appearance of the scolex recall that of

certain Selachian Cestodes of the family Tetrabothrid^ ; but

the armed retractile rostellum, as well as other anatomical

^ I have a specimen of tapeworm with a similar scolex from a penguin, but

have not yet worked its character out. The shape is peculiar for a Taenia.
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characters, point to its affinities with the other avian Cestodes.

The rostellum, which, though constructed on the same plan,

is smaller than that of D. minuta (compare figs. 15 and 16,

which are magnified to the same extent), is armed with twelve

hooks, arranged in a single circle (fig. 10). Each hook is

0'03 mm. loug, and is thus smaller than in the preceding

worm. The shape, too, is quite different, as the guard and

the handle are much smaller, the latter rather larger than

the former; it is, in fact, a typical Drepanidotaenian hook

(fig. 11).

The scolex is more nearly square in section than in D.

minuta; the suckers have the usual structure found in

Tgenia (fig. 12).

This species is much more like a typical Drepanido-
tsenia, except for the shape of the suckers (?), and agrees

with one species (not named by Shipley, but referred to) in

the alternate position of the genital pores.

It may be characterised thus :

Drepanidotsenia apterygis, n. sp.

A Tetracotylean Cestode, measuring about 100 mm., with

some 300 proglottids, much broader at the free end than at

the scolex ; the hindmost proglottids are as long as they are

broad. The scolex, square in section, has oval suckers, with

posterior margin prominent; the rostellum is armed with

twelve booklets in a single circle. Each booklet is 0'03 mm.
long ; the guard is about equal to the handle, but both are

short. The genital pores alternate ; the eggs measure

0'03 mm. across the internal shell. Hab., intestine of

Apteryx Bulleri,

The Rostellum of Drepanidotsenia.

The small size of D. minuta renders it a convenient

object for the study of the rostellar apparatus—its structure

and the mechanism of its movement—in specimens mounted

entire. From the following account it will be seen that it
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agrees with the rostellum of certain other species of avian

Cestodes.

The rostellum in both the present species consists essen-

tially of two concentric muscular sacs, each filled with a fluid

(figs. 15, 16). The inner sac is the true rostellum; the outer

sac is the " receptaculum rostelli/' the wall of which is

reflected on to the rostellum over a certain area, so that the

latter may move in and out of the receptaculum.

The rostellum itself is more or less ovoid, but is divisible

into two unequal regions by a circular constriction or neck

near the distal end. The smaller of these regions is capable

of protrusion, and bears the crown of hooks ; it may there-

fore be termed the ^'acanthophore" (figs. 16 et seq., h) ; the

proximal region is about twice the size of the acanthophore,

and owing to its function may be termed the reservoir (c).

The wall of this inner sac or rostellum consists of an outer

layer of longitudinal muscle, and below of circular muscle

(fig. 21, 1. c). The longitudinal muscles extend up to the

level of the insertion of the " guard " of the booklets ; the

circular coat is distinguishable beyond this level, and ceases

at the distal limit of the ^'handles" of the booklets (fig. 20).

This circular coat is much thicker at the neck than elsewhere,

and it is due to its presence here that the constriction is

so marked (figs. 16, 17).

The longitudinal coat is difficult to distinguish in flat

preparations of the entire object, but in transverse sections

is visible enough.

Just above the neck, but below the booklets, is a series of

radial muscles, which in most preparations are seen to be in

two layers or strata, one above the other (figs. 16, 19, e).

These bundles of muscles arise from the wall of the sac, and

there are spots visible below the interspaces between the

hooks; consequently there are as many bundles of radial

muscles as there are booklets (fig. 17, e). Possibly the

duplication of these muscles is in relation to the double

circlet of booklets.

In the reti'acted condition of the rostellum these radial



TAPEWORM FROM APTERYX. 91

muscles have a horizontal direction, i. e. their axis is at right

angles to the long axis of the entire organ. But when the

rostellum is protruded they become vertically disposed

(figs. 18, 20).

For a long time I was unable to determine the mode of

insertion of these muscles, but in good longitudinal sections,

and even afterwards in old preparations, I was able to

recognise an extremely thin membrane (fig, 19, j) that, in a

retracted state, is folded within the acanthophore.

In fact, the free distal extremity of the rostellum is in-

vaginated as a delicate membrane ; and when the apparatus

is fully everted this membrane is forced outwards, and

assumes a convex foi-m (fig. 20, j), taking with it, of course,

the insertions of the radial muscles.

It is very difficult to determine this invaginated membrane

;

for some time I believed that the terminal wall was double,

and that the membrane was capable of movement to and
fro, as implied by Studener (vide Bronn). I thought I could

detect the aperture of invagination at the apex, and then

again I could not make it out in the other case or in the

specimens mounted whole. But a comparison of a series of

camera outlines, representing* every stage of protrusion, as

well as a renewed study of several states of protrusion,

showed that the circle o£ booklets increased its diameter on

protrusion ; and I feel confident that the explanation of this

lies in the facts above recorded.

Neither this membrane nor the muscles are directly con-

nected with the booklets.

The cavity of the rostellum, or, to be more particular, of

the reservoir, is occupied by a granular material, in which
numerous nuclei are recognisable, but without cell outlines

(figs. 16, 19, 20, t). In certain preparations a fibrillation of

this material is apparent ; these fibrill^e, however, are not

muscular ; they react to stains quite difi^erently, and do not

stain at all ; I am inclined to think that they are due partly

to the arrangement of granules in rows, and possibly to some
coagulation effect. This granular material is very compress-
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ible, and may be regarded as fluid ; for on the contraction

of the wall of the reservoir it is driven forwards so as to

distend the acanthophore, pushing forwards the radial muscle

and the membranous anteinor wall of the acanthophore.

Turning now to the receptaculum rostelli, it has similarly a

wall of two layers of muscles, complete posteriorly, but

reflected distally (anteriorly), so as to be continuous with the

wall of the rostellum at the neck.

The contents of the receptacle in D. minut a is of two

kinds. In the distal region is a very faintly granular fluid

(not taking the stains) with scattered nuclei, without evident

arrangement or cell boundaries (fig. 19, _p). But the bottom

of the receptaculum is occupied by a very deeply staining

granular mass, so deeply staining in boracic carmine as to

hide the nuclei which are scattered therein ; but in haema-

toxylin the nuclei stain more deeply. This mass is contained

in four elongated sacs (tigs. 16—22, s), the membranous walls

of which meet below the bottom of the rostellum, so as to

form an X-shaped septum in transverse section, and a longi-

tudinal one when seen in longitudinal section (as noted by

V. Linstow in 1890). These granule sacs fill the post-rostellar

region of the receptaculum, and push forwards about halfway

along the latter, where they end by obliquely tapering off, so

that the less granular material distally intervenes between

them and rostellum (figs. 1, 9). The receptaculum is moved

by extrinsic muscles, some of which pass upwards and out-

wards from the wall, near its anterior end, diverging in a

fan-like manner, to be inserted in the apex of the scolex

above the suckers (fig. 16, m^).

These muscles seem to be in four groups or bundles, two

on each side of the receptaculum, lying between it and the

chief nerves issuing from the brain. Other muscles pass

downwards and are lost behind the suckers (m). But it does

not seem that these extrinsic muscles play any great part in

the protrusion of the actual I'ostellum. In this process we

have to distinguish two independent movements ; firstly, the

protrusion of the rostellum ; and secondly, the distension or
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erection of the acanthophore (see the series of figures, 16

— 18). The first movement is effected by the contraction

of the walls of the receptaculura rostelli. The fluid contents

are merely compressed, and force the rostellum forwards,

the acanthophore being thus protruded from the receptaculum

(fig. 17), and ultimately through the aperture at the true apex

of the scolex (fig. 18).

The distension of the acanthophore is effected by the con-

traction of the wall of the rostellar sac, the reservoir. This

drives the fluid contents {t.) forwards, distending the acan-

thophore and pushing forwards the membrane, so that a

more or less spherical ball is formed, the wall of which is

tensely stretched (figs. 19, 20). The radial muscles now

come into action. Hitherto, as the various figures show,

they have been horizontal, but as the membrane to which

they are inserted is pushed outwards they take on the vertical

position, and are considerably stretched.

During this process of protrusion the points of the hooks

ai'e kept pressed down against the side of the acanthophore,

but now by the contraction of the radial muscles it appears

that the terminal membrane, and therefore the " guard," is

pulled downwards, and consequently the point is caused to

diverge.

This type of rostellum—with two concentric muscular sacs

—has been described by Leuckart, von Linstow, and others

for certain species, e.g. '^ Taenia " undulata, T. puncta,

T. serpentulus,—all avian Cestodes ; and it differs from

the apparatus in mammalian Cestodes, e. g. T. crassicollis,

which is a solid mass of muscles, having various directions.

I believe, however, that I have been able to add some details

in regard to it and to clear up some points that were doubtful,

and I have thought it worth while to give the series of

figures representing accurately the relations of the various

parts during its movement, as I know of no such series having

been hitherto published.

DUNEDIN ; May 11 th, 1899.
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DESCRIPTION OF PLATES 7 & 8,

Illustrating Mr. W. Blaxland Benham's paper on "The

Structure of the Rostellum in two New Species of Tape-

worm, from Apteryx."

Drepanidotsenia minuta, n. sp.

Fig. 1.—The entire strobila, stained and mounted as a transparent object.

X 30. (Camera.)

Fig. 2.—The " scolex," seen as an opaque object, in alcohol, uncompressed,

showing the flaps of the suckers more plainly than in the compressed

specimen.

Fig. 3.—Three different suckers, showing mobility of the flap or anterior

margin of the sucker ; the muscle-fibres of the margin are seen to be continued

on to this apparent flap.

Fig. 4.—A transverse section through the scolex. X 46. (Camera.)

jR. rostellum, r. receptaculum rostelli.

Fig. 5.—One of the rostellar hooks; a. blade, b. handle, c. guard. X 625.

(Camera.)

Fig. 6.—Outline of the terminal proglottid of a strobila from a horizontal

(though somewhat oblique) section ; e. eggs, /;. coiled penis, o. genital pore.

Fig. 7.—Outline of isolated detached proglottid : the margins a. b. corre-

spond with those in Fig. 8.

Fig. 8.—Onchosphere in its envelopes.

Drep. apterygis, n. sp.

Fig. 9.—The entire strobila, natural size.

Fig. 9a.—Scolex; freehand.

Fig. 10.—Apex of scolex, with protruded rostellum.

Fig. 11.—A rostellar booklet, a. blade, b. handle, c. guard.

Fig. 12.—Transverse section of scolex. x 150. (Camera.) r. recepta-

culum rostelli, x. aperture of excretory tubule.

Fig. 13.—A portion of the strobila, mounted, entire, transparent, somewhere

near the middle, x 78, (Camera.) It happens that, of the five proglottids

figured, four have the genital pore on the same side ; in other regions the

alternation of the pores is more regular, o, genital pore, p. everted penis,



TAPEWORM FEOM APEETYX. 95

^.longitudinal excretory canal. The imbrication of the proglottids is well

seen.

Fig. 14.—An onchosphere enclosed within its coats.

Fig. 15.—The apex of the scolex, showing the retracted rostellar apparatus;

in optical section, from a transparent specimen. X 375. (Camera.) a. the

apical pore, R. rostellum, r. receptaculum rostelli, s. sucker. Compare the

size wit,h that of the apparatus of D. minuta (fig. 10).

The Rostellum of Drepauidotaenia minuta.

Figs. 16—18 are optical sections, from stained, transparent, entire stro-

bilas. All are drawn with th.e camera, under the same magnification.

X 875.

Fig. 16.—The rostellum entirely withdrawn into the receptaculum. a.

Apical pore in the scolex. b. Acanthophore. c. Reservoir of rostel-

lum. d. The circular muscles of its wall (the longitudinal only

shown at the base), e. The radial muscles. m\ m". The extrinsic

muscles that move the receptaculum. p. Finely granular contents of

the anterior region of the receptacle, r. The muscular wall of the

receptacle. S. Outline of sucker, s. Coarsely granular contents of

the posterior region of the receptacle contained in membranous sacs.

10. The septum formed by apposition of these sacs.

Fig. 17.—The rostellum at the commencement of protrusion. The

acanthophore is moving upwards in the pre-rostellar canal. The

reservoir is greatly constricted by the circular muscles at the neck

and elsewhere; the radial muscles (e.) are still horizontal. This pro-

trusion is effected by the contraction of the wall of the receptaculum

;

the "septum" (w.) between the membranous sacs is now longer, and

the sacs lie nearly entirely behind the rostellum. y. is a sphincter

muscle closing the lower aperture of the pre-rostellar canal. The

radial muscles, as well as other details, show better in this preparation,

which was stained in alum-cochineal (Czokor). The radials are appa-

rently interrupted by vertical lines ; as a fact, there are eighteen groups

of radial muscles.

Fig. 18.—The rostellum is protruded, though not to its fullest extent.

The acanthophore not only projects through the aperture (a), but is

distended by the fluid contents of the reservoir, forced upwards by the

contraction of its wall. The longitudinal muscles are here siiowu.

The apex of the acanthophore is depressed {b'), and between the hooks

the "radial muscles" {e) are seen to be vertically disposed.

Figs. 19 and 20 are longitudinal sections x 450. Outlines and main

details with camera.
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Fig. 19.—The rostellum in the same stage as in Fig. 18—at the com-

mencement of protrusion. The distal wall of the acanthophore is seen

to be invaginated as a thin membrane (j), to which the radial muscles

(e) are inserted. The longitudinal and circular muscles of the rostellar

wall are shown (L. C), the latter extending up to the upper insertion

limit of the hooks. The granular contents {t) are represented with

the greatest care. They show granulation and fibrillation and nuclei,

and are seen to be confined to the reservoir. The details of the recep-

taculum are also faithfully represented ; the contents of the mem-

branous sacs (*) appear to coagulate or shrink, leaving a space, so that

the cells appear to form an epithelium.

Fig. 20.—The rostellum only is shown in a fully protruded condition.

The section is not quite median so far as the acanthophore is con-

cerned, hence the distance between the booklets is not as great as

it would be if the booklets were at the ends of a diameter. The

reservoir is strongly contracted, so that the contents {t.) have been

entirely forced against the " radial muscle " (e.), and thus distend the

acanthophore. The radial muscles are practically vertical (cf. Fig. 19),

and the invaginated membrane {j.) into which they are inserted is

pushed forwards so as to become convex. The contraction of these

muscles in this condition, when their area of insertion ( j.) is rendered

tense, raises the points of the booklets so as to effect attachment to

the wall of the gut.

Fig. 21.—Transverse section through the rostellar apparatus about the

middle of its length. R. Rostellum. r. Receptaculum rostelli. L. I.

Longitudinal musculature. C. c. Circular muscular of each. The rostellum

is seen to be filled with finely granular material, in which are nuclei, n.

Nuclei. The coarsely granular contents of the receptaculum are contained

in four sacs (5.), the walls of which meet to form four septa {w).

Fig. 22.—A. transverse section of the receptaculum below the rostellum.

Letters as before.
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Introductoey.

The ontogeny of the Nemerteans, and more particularly

that of the Schizo-nemerteans, is of special interest on

account of the metamorphoses through which the young

embryos pass.

Ever since its discovery and naming by Miiller in 1847

(38) the pilidium form of larva has attracted the attention of

leading scientists the world over. As a result of their inves-

tigations we are to-day in possession of the leading facts

with reference to the histology of the pilidium and the meta-

morphoses from this free-swimming form into that of the

adult worm.

Much work has also been done upon the origin and matura-

tion of the sexual products in different species. But our

knowledge of fertilisation, segmentation, and the early

history of the pilidium has been derived almost wholly from

two papers by Metschnikoff, one in 1870 (35) and another in

1882(36).^

The former paper I have been unable to examine, but from

the excellent abstract given by Burger (13) I judge that

Metschnikoff obtained the eggs already fertilised, and fol-

lowed their subsequent development as closely as possible.

At all events he confines his attention in both papers

almost exclusively to the later development of the larva, and

seems to have derived his facts from observation of histolo-

gical material, and not from a study of the living embryo.

' Since the above was written it has been my pleasure to receive from the

author, Dr. W. R. Coe, of tlie Sheffield Biological Laboratory of Yale

University, a copy of his excellent paper upon " The Maturation and Fertili-

sation of the Egg of Cerebratulus " (16). This is the first step toward

supplementing our knowledge of this long neglected group and is most

praiseworthy.
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In tlie present investigations for the first time^ so far as

can be determined, the eggs of a Nemertean were fertilised

artificially.

The consequent abundance of embryos has rendered it

possible to follow in detail every step in their development,

and to use living material far more than has ever been done

heretofore.

In much of the recent embryological work there has been

a tendency to confine the attention almost exclusively to the

study of sections and prepared material. And embryos have

been reared for the sole purpose of furnishing such material.

But it is clearly evident that the true purpose of histology

is to supplement, and not to supplant, the study of the

living animal. For this reason the morphological drawings

in the present paper have been made, whenever it was

possible, from living specimens, with the aid of the camera

lucida.

Adults have also been captured and kept in aquaria where

their habits could be closely watched, and many interesting

facts have been thus discovered. Eggs have been laid and

fertilised by individuals thus kept in confinement, so that it

has been possible to verify all the details obtained from the

artificially fertilised eggs, and, in addition, to discover the

method of egg-laying and fertilisation.

The development and habits of the pilidium have been

carefully watched for four successive summers, and as a

result it is possible to present quite a full account of this

particular species. A second result has been the growing

conclusion that this species is particularly fitted for embryo-

logical work in our laboratories. Many different reasons

have led to this conclusion, among which may be mentioned

:

1. The vitality of the adults, by reason of which uninjured

sexual products can be obtained from them even under very

adverse circumstances. When reduced to such a dire neces-

sity, a single piece of a disruptured worm, but a few inches

in length, can be used at the rate of half an inch a day for a

week or more, and it will yield all the while germinal pro-
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ducts capable of producing normal embryos. A clean glass

vessel (4 to 6 gals.) with plenty of the sand or mud from

which the animals were taken^ and a constant but slow

renewal of the water, has proved to be the best aquarium.

Only one pair of worms should be placed in a single vessel,

and the supply of plant life should be very meagre. Under

these conditions no difficulty has been experienced in keeping

the worms for six or eight weeks, and they have laid pro-

fusely (cf. Coe, 15).

2. The ease and uniformity with which the egg may be

fertilised ai-tificially.

3. The persistence and remarkable activity of the

polar bodies. They remain in close connection with the egg

all through segmentation and gastrulation, the second body

being actually connected with the blastomeres by protoplas-

mic processes, while both display to a marked degree those

protoplasmic activities which have been designated as

" spinning."

4. The transparency of the larva subsequent to gastru-

lation, which renders it very easy to follow its internal

development. It is so clear that very high powers may be

successfully used. An excellent opportunity is thus afforded

for the study of muscular development, owing to the peculiar

nature of the mesenchyme cells.

Every fact of importance has been included in the present

paper ; when not verified by personal observation, due ac-

knowledgment has been made. The author desires to

express his indebtedness to Librarian Wm. I. Fletcher, of

Amherst College, for the free use of the science library of

that institution, without the help of which the present work

would have been impossible. It is likewise a pleasure to

acknowledge the inspiration and the many valuable sugges-

tions given by Dr. E. A. Andrews, of Johns Hopkins Uni-

versity, and by Mrs. G-. F. Andrews. And to Dr. W. E. Coe,

of the Sheffield Biological Laboratory, acknowledgment is

due for the kindly loan of mounted material illustrative ot'

spermatogenesis, and for much friendly criticism.
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The Adult Worm.

Determination of Species.

The species under consideration is one of the largest of

the Nemerteans, and possesses all the characteristics of the

group. These consist negatively in the absence of all external

appendages and of a definite body-cavity, and the entire lack

of visible segmentation. Positively they include the posses-

sion of a smooth body, flattened dorso-ventrally, and of a

very long tubular proboscis, which can be protruded by

eversion from an aperture in the front of the head.

Much work has been done upon the classification of the

Nemerteans with no decisive results. Different species and

even genera frequently resemble one another so closely that

they cannot be distinguished after preservation. Hence we

can find in the attitude of different authors every variation

from one (46) 75 per cent, of whose enumerated species are

new creations, to another (27) who would include all the

Schizo-nemerteans under a single genus. And our present

species is classified by different authors under distinct names

and even under different genera. The name we have chosen

is the one selected by Verrill, but the same species was called

by Girard Meckelia f ragilis, by Leidy Meckelia ingens,

though at first he designated it M. lactea. The name of

the group, Nemerteans, was first applied by Cuvier, and is

derived from Nemertes, one of the Mediterranean sea-nymphs,

daughters of Nereus and Doris.

The generic name, Cerebratulus, was first given by

Eenier in 1804 to a single species, and continued until re-

cently to be simply a specific name. It is derived from

cerebrum, the brain, probably from a fancied resemblance

of the tissues (41).

The specific name, lac tens, was given by Leidy to cer-

tain small white specimens, which afterwards proved to be

the young of this species, and accordingly the name was
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extended by Verrill, in 1892, to include the larger adults

which are often not at all "milky" (46).

Habitat and Habits.

This large Nemertean is quite common along the entire

Atlantic coast, from Florida to Massachusetts Bay, and is

found locally at Casco Bay on the coast of Maine. From
this latter locality were obtained all the specimens which

furnished data for the present paper. Verrill states (46)

that he found adults at Quohog Bay, one of the numerous

inlets of Casco Bay. These were associated with a number
of other southern forms, such as Venus mercenaria,

Crepidula convexa, Eupagurus longicarpus, Gam-
marus mucronatus, Nereis libata, Meckelia ingens,

Asterias arenicola, etc. These species properly belong

to the region south of Cape Cod, and it might be inferred

that Cerebratulus also was a southern species, and that it

could be found in northern waters only under specially

favourable conditions.

Such, however, is not the case ; I obtained a number of

specimens from Quohog Bay, but found them more abundant

at Stover's Point on the east side of Harpswell Neck. All

the specimens used were obtained here, but none of the

southern species named above were found anywhere in the

vicinity. Furthermore, the Point is only about a mile from the

end of the Neck, and it gets the full sweep of the tide from

the open ocean twice a day.

The largest colony of Nemerteans was on the outer or

exposed side of the Point, and was associated exclusively

with hardy northern species. The fishermen often find these

worms when digging for clams during the winter, and some

of the material used for the origin of the sexual products was

obtained from them at that season. When we reflect on the

severity of the winter upon the Maine coast, where the mud
is exposed between tides to an atmosphere that frequently
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registers many degrees below zero, we may conclude that

Cerebratulus has at least become well acclimated.

This species burrows in sand and mud between tides, and
in shallow water down to several fathoms in depth.

It occurs most plentifully at and just above low-water

mark, but may be found under stones in sheltered positions

(Quohog Bay), nearly up to the high-water mark of medium
tides. It is gregarious in habits, and the finding of one is a

good indication that there are others in the immediate

vicinity. It also occurs in the same localities year after

year, but after prolonged search in any one place the number
of large specimens becomes very sensibly diminished. The
largest specimens are not solitary, as Mcintosh declares to be

the case with the great Lineus marinus (34), but they are

so limited in numbers as to warrant the conclusion that here,

as in some of the higher forms of life, size is " inimical to

profusion." One of its favourite haunts is along the edges of

an old mussel-bed amidst the broken shells and stones, into

which it is often almost impossible to drive a clam-hoe. But

it is also dug up with clams in clean white sand and mud, and

is known locally to the fishermen as a '^ clam-worm."

Scarcely a trace of the worms save the entrance to their

burrows can be seen except at high tide. This is their

period of activity, and they may then occasionally be ob-

served gliding amongst the sea-weed on a muddy or sandy

shore, or in the shade of the rocks in a large tide-pool. They

are essentially nocturnal, and come out of their burrows much
more frequently during the night tides than during those

which occur in the day time. The burrow itself is little more

than a hole or tubular opening through which the worm can

move freely in either direction. The walls of this tube are

coated thickly with the slimy mucus exuded from the worm's

skin, which materially facilitates its progress.

The burrows are neither very long nor very deep, for even

the largest worms are found within a few (six or eight) inches

of the surface. There is no evidence to show that the same

burrow is inhabited for any length of time. On the contrary,
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all observations indicate that the worm roams about con-

stantly in the mud after food^ and that it is able to move
quite rapidly, even when forming a new burrow. The enor-

mous amount of slime secreted by the worm's ectoderm may
be inferred from the fact that it keeps the walls of its burrow

constantly coated.

This slime often oxidises the iron elements in the mud, with

the result that the latter is tinged a dull rusty red in the im-

mediate vicinity of the burrow.

Repeated attempts were made to ascertain just how the

burrowing was done, by digging out specimens and throwing

them on a fresh surface. It was noticed that the worm
thrust its pointed head a little way into the mud and then

seemed to brace itself for a further effort, the head at the

same time being withdrawn slightly. The significance of

this fact was in doubt for some time, but on placing a few

worms in a glass aquarium with five or six inches of mud at

the bottom, they immediately began to burrow near the glass.

It was then seen that the bracing action was due to the fact

that the worm was driving its proboscis into the mud ahead

of itself. The proboscis was protruded for six or eight inches,

and then enlarged slightly and crooked a little at the end.

Aided by the hold thus obtained the worm was able to thrust

its head rapidly into the mud, keeping it narrow and pointed

the while.

The extreme tip of the head was then contracted into a

broad rounded form, and the wave of contraction thus started

passed slowly backward along the anterior portion of the

body, thereby moving the latter forward about an inch. As
soon as this wave was fairly started in its backward motion

the head became pointed, the proboscis was thrust forward

again, and the whole process was repeated. The tip of the

head was then contracted, and a second wave was started

backward before the first had reached the centre of the body.

In this way one wave followed another so quickly that the

resultant motion was nearly a steady advance instead of being

jerky. This rapid burrowing by means of both proboscis and
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body contractions must be of great service to the worm in

escaping from its enemies and in obtaining its food. In

locomotion the proboscis seems to be of use chiefly as an

organ of feeling or touchy being thrust forward to determine

the direction in which the burrow is to be made. Whenever
it strikes an obstacle, such as a small stone, it feels around

it, sometimes on sevei'al sides, and selects apparently the

place that offers least resistance.

In doing this it often happens that the proboscis will be

thrust up into the water. It is then quickly withdrawn only

to be thrust up again, perhaps in a very few seconds.

The only idea of direction, therefore, seems to be to keep

beneath the surface of the mud. It is also evident that when
the proboscis is thrust forward forcibly into the mud or

sand, it makes an opening for the subsequent passage of the

head.

The worm may often be seen to withdraw its proboscis

and push its head along in the opening thus left. It is also

possible that the proboscis may have some tractile power in

helping to pull the body forward. That it is actually used

as an organ of prehension was witnessed several times.

The Nemerteans were fed with common clam-worms (Ne-

reis). When a Nereis in wriggling about came in contact

with a Nemertean, or crossed the mouth of a burrow when a

Nemertean was inside, the latter suddenly darted out its

proboscis and coiled it spirally around the Nereis. The spiral

coil covered an inch or more of the Nereis's body, and the

proboscis was then slowly withdrawn, bringing the Nereis

up to the Nemertean's mouth, where it was finally swallowed.

This corresponds exactly with the graphic description given

by Kingsley (cf. 34) of a specimen of the species Polia

mandilla (Amphiporus lactifloreus, Mcintosh) in the

act of devouring a fish. Mcintosh, however, questioned

Kingsley's accuracy (34), because the latter says that the

proboscis assists in prehension, but Cerebratulus certainly

uses it sometimes for that purpose.

When withdrawn the proboscis is coiled up in that portion
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of the slieath whicli lies above the oesophagus^ as can be seen

in fig. 4.

Its large anterior end is continuous with the walls of the

sheath just in front of the ganglionic commissure, while its

small posterior end is fastened at a single point where the

oesophagus joins the intestine. As the proboscis itself is

several times the length between these two points of attach-

ment it is coiled very closely. Furthermore, being attached

at the posterior end, it follows that it must always be of

double thickness, with a blunt anterior end when everted.

This increases its strength for prehension and burrowing,

and does not seem to detract from its delicacy as an organ

of touch.

Food.—This species of Cerebratulus is almost wholly car-

nivorous, and feeds upon other worms which frequent the

mud between tides, showing a decided preference for Nereis.

Several times both Nereis and Nemerteans were placed

in the same dish when obtained ; the former were found

to have been swallowed by the latter on reaching the labora-

tory half an hour later. The Nereis is always swallowed

tail fii'st (fig. 1), which is exactly the opposite of the method

usually followed by carnivorous animals, but is occasionally

found in other carnivora, as when a snake swallows a frog

or toad (23).

In such cases the animal swallowed is usually defenceless,

while its captor is well armed, but in the present instance

these conditions are exactly reversed. And it is very hard

to understand how a Nemertean, which has neither teeth nor

jaws, nor indeed offensive weapons of any kind, can yet over-

come a well-armed Annelid nearly as large as itself. The

head of the Nereis, with its powerful jaws, is left entirely

free, but although I have seen the victim wriggle frantically

in its efforts to escape, until it finally disappeared down its

captor's throat, it never made any attempt to bite. This is

the more remarkable in view of the well-known fact that when

two Nereis come together they almost invariably fall upon

each other tooth and claw, and often inflict very severe
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wounds with their powerful jaws. Dr. E. A. Andrews hus

suggested to me that possibly the dense coating of slime

which is constantly exuded from the Nemertean's ectoderm

may afford it protection. If a minute drop of this slime be

placed upon the tongue it will be found so intensely acrid

as to parch the whole mouth, and the taste remains for a long

time. This quality, then, might effectually prevent the

Nereis from inflicting any injury with its jaws. These

Annelids do not often leave their burrows altogether, but

simply protrude the head and anterior portion of the body in

search of prey. Taken in connection with the fact that the

Nemertean swallows them tail first, this suggests that they

are not ordinarily caught outside their burrows, but that the

Nemertean probes around beneath the surface until it strikes

the home of an Annelid, and then proceeds to swallow the

unfortunate occupant. In such a case the Annelid's jaws

would be practically useless, for it could not turn about in its

burrow. The snout of the Nemertean, in front of the

mouth, is usually turned backward during the process of

swallowing, the proboscis being wholly withdrawn.

The digestive fluid acts very quickly. Several attempts

were made to preserve a specimen with a Nereis nearly

swallowed and protruding an inch or two from its mouth.

But they failed at first because the Nereis was forcibly

ejected as soon as the Nemertean touched the preserving

fluid, no matter how far it had been swallowed. A subse-

quent attempt was crowned with success ; a Nemertean with

an inch of Nereis nearly as large as itself protruding from

its mouth was plunged into boiling water for a moment
and then preserved in formalin. This produced death so

instantaneously that there was no time for ejection, and

the perfectly preserved pair still remain to attest the fact

(fig. !)•

But although the first efforts were failures in one direction

they were a success in another. The swallowing of an

ordinary Nereis occupies about ten minutes, but in every

instance it was found more than half digested upon ejection.
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The same thing- happened when a dead squid was left in a

pail with some Nemerteans. One of them swallowed a long

arm of the squid^ and when its further progress was stopped

at the base of the arm it drew its body down in wrinkles

until as much of the digestive tube as possible had come in

contact with the arm. It remained in this position for five

or six minutes and then withdrew, leaving the arm com-

pletely digested for more than half its length. Of course,

there is very little substance to the body of a Nereis, and it

can be assimilated without much change ; but the arm of a

squid is more substantial, and must require considerable

digestion. It is evident that this takes place rapidly at the

very beginning of the alimentary canal. This fact suggests

one reason why the loss of the posterior portion of the body

does not seriously affect the animal.

Several of the fishermen have told me that specimens of

Cerebratulus are sometimes caught by them when fishing in

shallow water with a bait of Buccinum undatum or

Natica heros.

The same thing is noted by Mcintosh (34) with reference

to the deep-sea form. Linens marinus, which was caught

while fishing for cod. Like that species, Cerebratulus also

must have '^an indiscriminate appetite," feeding upon both

living and dead forms, and ejecting the bristles and other

indigestible material through the anus. Occasionally a

bristled or spiny victim proves too much for its captor, with

the result that the bristles or spines perforate the digestive

tract and the body-wall.

Dr. W. E. Coe tells me that he found a Cerebratulus in

this condition with a large Nereis half swallowed, the poste-

terior portion of the Nereis protruding through a large rent

in the ventral wall of the oesophagus. In confinement Cere-

bratulus eats readily almost any animal food, but prefers a

Nereis to anything else.

Breathing.—This species and probably most other Ne-

merteans breathe by means of the walls of the oesophagus.

With the incoming tide the Nemertean opens the anterior
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end of its burrow by turning it abruptly upward to tbe sur-

face^ and then lies with its head in the lower part of this

vertical portion. The burrow around the head and in the

immediate vicinity is enlarged somewhat, so that the water

can circulate freely, and by alternately swallowing and eject-

ing mouthfuls of water the Nemertean generates a very per-

ceptible current.

The swallowing is long and slow, while the ejection is

short and abrupt, the two together occupying about ten

seconds. This is evidently the Nemertean's mode of breath-

ing, and the purification of the blood must take place in the

walls of the oesophagus, as we should naturally infer from

the arrangement of the circulatory system. These facts, of

course, were chiefly gathered from specimens kept in an

aquarium where the supply of water was constant, but it was

curious to note that they alternated periods of rest with

periods of breathing exactly as if they had been subject to

the flow of the tide. And their periods of rest usually,

though not always, corresponded closely with those of the

ebb tide.

During the breathing the cephalic slits along the sides of

the head were occasionally, though not regularly, opened

and closed. At such times, of course, a current of water

would enter the side-organs, and it is possible that they

assist somewhat in the purification of the blood. But from

the regularity of movement in the oesophagus and the entire

lack of it in the cephalic slits, we must conclude that the

former constitutes the true respiration.

Locomotion.—The mode of locomotion by means of

which the Nemertean moves through its burrow has already

been described.

They also come out of their burrows at times and swim

about in the water. Verrill states (46) that " while swim-

ming the body is turned up edgewise and thrown into many
undulations, and the motion resembles that of an eel, but is

less rapid." Coe adds (15) that " it is often met with at

night swimming near the surface of the water." This is a
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well-known habit of all species, the lateral margins of whose

bodies are produced into a thin edge throughout the greater

part of their length. But although I have been out at night

repeatedlj and towed over localities where the worms were

abundant, I have never been fortunate enough to catch one

swimming.

Frequently, however, some that were dug out of the sand

were thrown into the water and watched swimming about,

and others have often been seen swimming in the aquarium.

Under such circumstances the Nemertean does not turn up

edgewise, but undulates about in every possible position, the

body being now dorsal side up, now ventral, now with the

right side uppermost, now the left, the change from one

position to another being continuous though slow. It would

seem probable that they come out of their burrows and swim

about most frequently during the breeding season, although

eggs are laid inside the burrows, as we shall see later.

In addition to swimming and crawling through their

burrows these Nemerteans are also capable of moving along

on the bottom over the mud or stones quite rapidly, and yet

as they have no setfe like the earthworm, nor any other means

to prevent slipping, and as the surface of their body is

slimy, there is always a considerable loss of motion. On a

solid surface the mode of progression is by crawling in a

manner similar to that of a Gastropod, with the exception

that the waves of muscular contraction, passing backward
from the head, are much more apparent.

But this is true only of the adults
; young individuals can

glide over the glass sides of an aquarium so smoothly that

their bodies show scarcely a wrinkle (cf. 34).

The Nemertean also leaves a track of mucus, like the Gas-

tropod. This mucus is exuded even when the animals are

lying coiled up at rest, and it is so abundant that a pail con-

taining several fresh vigorous worms is soon filled with a

perfect meshwork of mucus, from which the worms must be

pulled or cut out. And it acquires sufficient consistency to

offer considerable resistance. If it be removed it is quickly
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formed again, but several removals produce a marked dimi-

nution in the amount secreted. This abundance of mucus

gives some of the smaller forms the ability to crawl back

downward on the surface of the water, after the manner
of nudibranchs, the mucus forming a sort of float, and being

firm enough to give the animal a purchase for its muscles.

Mcintosh states (34) that "if a Nemertean is raised from

the surface on which it crawls it always clings most perti-

naceously by the anterior end ; indeed it would appear that

the lips exercise a kind of sucker-like action, or at least that

the flattened under-surface of the snout does so."

I have never been able to verify this observation on Cere-

bratulus, for I could not see that one portion clung to the

supporting surface any more than another. But the head

and anterior oesophagus are usually kept in contact with the

surface, while the other portions of the body are often

removed temporarily.

Dismemberment.—Almost every scientist who has dealt

with the Nemerteans has noted their disagreeable habit of

dismembering themselves when irritated. But even the

specialists have not gone beyond a mere statement of the

fact except in one or two instances, while the best and

most recent monograph on the Nemerteans, that published

by Biirger as the 22nd volume of the ' Fauna and Flora

of the Gulf of Naples,' does not even mention the habit

at all.

We are informed that we must secure our specimens very

quickly, and kill them in something that produces instan-

taneous death if we expect to obtain anything more than a

handful of fragments for our pains ; but we are left to answer

for ourselves the many interesting questions that are sure to

arise. Do the Nemerteans ever fragment without irritation ?

If so, under what conditions and what advantage is it to the

worm ?

After fission can both anterior and posterior fragments re-

generate, the one a new body and the other a new head ?

In answer to the first question, I had noticed for three
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summers that it was very difficult to obtain perfect specimens

toward the close of the breeding season, though they were

fairly common at an earlier date. On the contrary, the

numberof specimens possessing regenerating papillge increased

as the season advanced. It was evident, therefore, that they

must dismember for some reason during the breeding season,

and it was suspected that the eggs might be discharged in

this way. During the past summer the matter was put to

test with the following results.

A perfect male and female Cerebratulus were secured

during the latter part of June, and placed in an aquarium

half j&lled with the same mud from which they were taken.

They burrowed into this mud at once, and remained there

under fairly normal conditions, and apparently perfectly

healthy, until the 1st of September, when they were both

preserved on leaving.

They were nearly sexually ripe when obtained, and after

being kept a fortnight the female laid three batches of

eggs at short intervals, each of which was fertilised by the

male.

Soon after the last lot was laid they both dismembered,

leaving but a comparatively short piece of the body attached

to the oesophagus. This anterior portion at once began to

regenerate, and by the 1st of September, an interval of

three and a half weeks, it possessed a regenerating papilla

nearly 50 mm. long in the female, and about 40 mm. in the

male.

The posterior fragments lived for two weeks, and then

died with no signs of regeneration. I have kept headless

fragments alive, however, under much less favourable cir-

cumstances for nearly a month, and Mcintosh in his mono-

graph (34) states that most of the pieces of a fragmented

Lineus were alive six months after dismemberment, and that

the sexual products were developed and discharged from

them in a perfectly normal manner.

But this happened to be a male, and he could obtain no

eggs upon which to test the fertilising power of the sperms.

VOL. 43, PART 1.—NEW SERIES. H
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In another species the posterior fragment began to develop

a new head, and he figures several stages in the process,

which occupied nearly three months but was not completed.

Barrels also has described the regeneration of headless

trunk-pieces in another species, and they have been known

to regenerate new heads in the common Linens socialis.

Fission certainly produces very little apparent effect upon

vitality. I have repeatedly obtained headless fragments of

both sexes containing unripe sexual products and kept them

until they ripened, a period sometimes of two or three weeks,

and then fertilised the eggs from one fragment with the

sperm from another, and obtained perfectly healthy pilidiums

as a result.

Of course the posterior fragments can eat nothing, but the

anterior ones display as voracious an appetite as ever imme-

diately after fission, or even during the process. This is attested

by the preserved specimen whose photograph is shown in

fig. 1. The prolonged retention of sexual functions by head-

less fragments under adverse circumstances gives some idea

of the vitality possessed by these worms in their native

haunts, but repeated search has failed to find a single one in

which regeneration has even commenced.

These facts, taken in connection with those developed in

the aquarium, lead to two conclusions. First, that Cerebra-

tulus frequently dismembers at the close of the breeding

season ; and second, that while the anterior fragments regu-

larly regenerate, the posterior ones seldom if ever do so.

Professor Benham, of Oxford, has noted a similar case of

spontaneous dismemberment in the genus Carinella (10).

Here also there was a relation between fission and genital

maturity, but of a different nature from that in Cerebratulus.

He found that the genital elements in Carinella were pre-

sent only in the posterior regions of the body, and that this

portion was constricted and cut off as fast as the elements

ripened.

Fission in this genus, therefore, would be a method of

discharging the ripened sexual products.
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In Cerebratulus, on the contrary, the genital elements are

distributed throughout the whole body, and if there be any

priority in ripening, it is in favour of the anterior and not

the posterior portion. Fission does not take place until after

the eggs and sperm have been discharged, and hence it

cannot be regarded as assisting that discharge in any way.

We are thus confronted again with the question, what

advantage can result to the worm in thus parting company

with a large portion of its body at this particular time ?

The body is composed essentially of two series of pouches,

arranged in alternating pairs on either side of the straight

intestine. Ordinarily the digestive pouches occupy the larger

part of the space, but as the breeding season approaches the

reproductive organs begin to enlarge, and by the time the

sexual products are ripe they occupy practically the whole of

the space, and the intestinal ceeca are flattened between them
until their opposite sides meet. This is especially true in

the posterior portion of the body, which at this time becomes

little more than one large ovary or testis, divided into lobes

by the flattened caeca. Mcintosh (34) states that " the

glandular elements in the walls of the digestive tract undergo

a certain amount of atrophy during the period of reproduc-

tive perfection." For a long time, therefore, these intestinal

pouches can function very little, if at all, and so they contri-

bute nothing to the nourishment of the body.

After the eggs and sperm have been discharged there is

evidently still less use for them until the next breeding

season, and regeneration proceeds so fast that before that

time a new body will have been formed. In fragmenting,

therefore, at the close of the breeding season, it would seem

that Cerebratulus is parting company with a portion of its

body which has for some time been devoted to a single pur-

pose, that of perfecting the sexual products, and of which,

now that this purpose has been accomplished, it has no im-

mediate need.

Fragmentation under irritation is evidently a defensive

action. As Hubrecht (27) well says^ '^ an animal that at the
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approach of danger can separate in two or more parts, each

of them capable of regeneration and so of producing an

entire new animal, evades this danger very effectively by

doing so."

But even if all the fragments are rtot capable of regenera-

tion, the nemertean still has the chance that its enemy will

be satisfied with half a loaf, and that the posterior half.

The actual fi.ssion of the body-walls is brought about by

internal phenomena which will be discussed later (see p. 118).

The circular muscles at the. severed ends contract violently,

and draw the margins of the rupture together so tightly that

the end is completely closed. It is also rounded like the true

anal end of the body, and this resemblance is.often increased

by a slight emarginatiou at the centre, due to the excessive

contraction of the muscles, and by the formation of a regene-

rating papilla in this emarginatiou (fig. 2)

.

Such a papilla is slender and almost pure white in colour.

At first it is difficult to distinguish it from the true anal

papilla with which the body normally terminates, but it may

be recognised by the fact that it always possesses a very

broad base which fades gradually into the body-wall, while

the anal papilla is narrow and ends abruptly at the emargi-

nation.

After closing the broken end the circular muscles go into

a kind of tetanus, and keep it closed until its edges are joined

permanently by the formation of new tissue.

No such formation of new tissue has been observed thus

far in the case of the posterior fragments, but their ends

remain closed, and this no doubt aids them in retaining their

vitality for so long a time. The regeneration papilla rapidly

increases in length and width, but always tapers much more

than the normal body and remains light-coloured. Speci-

mens have been obtained in which this papilla was four or

five inches in length.

Fission takes place through the intestinal creca, since they

offer the point of least resistance, and it usually involves a

rupture of the adjacent sexual pouches.
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The process is very rapid under irritation, and may be

completed within a few seconds after the application of the

irritant. It may also take place at two or three points at the

same time.

If the irritation be extreme the process may be carried so

far that the whole body is divided into very short fragments,

the majority of which contain but a single pair of ovaries or

testes. This is a frequent result when the worms die through

a stagnation of the water in which they are kept.

In such instances the fission goes forward slowly and may
occupy several hours, and the contents of the genital pouches

are commonly discharged, whatever their state of maturity.

Fresh water acts as a powerful irritant upon Cerebratulus,

and always induces dismemberment, but it does not kill very

quickly.

Fission and regeneration in Cerebratulus is not confined to

the body-walls; it often takes place in the proboscis.

Under the action of powerful irritants both the anterior

and posterior connections of the proboscis are severed at

once, so that the extruded organ is not turned inside out, but

remains in its ordinary condition, or it may be half everted

and then extruded bodily. In either case it often lives a long

time, many days or even weeks. If it be irritated, and some-

times voluntarily, it moves in such a lifelike manner, and
looks so much like a young worm, that it might easily be
mistaken for one. Indeed, a similarly extruded proboscis of

another species did mislead several excellent zoologists (6).

They described it as a young animal, and its possessor as

viviparous, and presented both as such to the British Museum,
where they now remain as striking examples of the folly of

judging by external appearances. A proboscis thus extruded

is reproduced by the formation of a small conical papilla on

the surface of rupture just in front of the ganglionic commis-

sure. This papilla grows backward rapidly, and a new organ

is formed in a few weeks. A similar renewal takes place

when the proboscis is forcibly removed by cutting (cf. 33).

This species, therefore, in common with others, possesses
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the ability to restore lost parts so quickly, so easily^ and with

so little apparent inconvenience during the process, that any-

thing short of being absolutely eaten whole could scarcely

prove fatal.

"We are left with the two most interesting questions to

answer. First, how is fission actually accomplished ? The
only description of the process that can be found is the one

given by Benham (10). From a study of sections in different

stages of fission he concludes that a double row of nuclei

appear in the connective tissue along the line of rupture, and

that the longitudinal muscle-fibrils are severed between these

rows of nuclei, either through the cell substance of the con-

nective tissue becoming actively contractile and nipping off

the fibrils, or in consequence of the fibrils being eaten through

by some solvent action.

Neither of these conclusions would explain fission in Cere-

bratulus, for the whole process, under irritation, occupies only

a fraction of a minute. Hence the connective tissue would

have no time to become contractile, but must exist in that

condition all the while, ready to act at an instant's notice,

i.e. it must itself be muscle. On the other hand, any sol-

vent powerful enough to act in so limited a time would not

be likely to stop with the mere severing of the longitudinal

muscle; it would dissolve everything within reach, and prevent

any regeneration. How, then, is fission accomplished ?

The rupture takes place through one of the intestinal cceca,

where the body-walls can be most easily divided.

It may take place at any cascum, and sometimes under ex-

treme irritation the worm will divide itself into fragments so

small that they contain but a single pair of pouches.

If there were any special apparatus for producing fission it

ought to reveal itself opposite each of the caeca, at least in

specimens killed after irritation. But careful examination

fails to reveal anything of the sort.

What we do find is that Cerebratulus has a thick layer of

circular muscles, which are almost entirely lacking in Cari-

nella.
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There are also well-developed dorso-ventral muscles in the

walls separating the intestinal casca from the reproductive

poucheSj and these muscles are enlarged into thick pillars at

the inner ends of the walls (fig. 60). Finally, an examination

of the regenerating longitudinal muscles shows that in early-

stages of growth they consist of both longitudinal and trans-

verse fibres, about equally divided (fig. 60). Later the longi-

tudinal fibres become more numerous, but there are always

many transverse ones to be found among them.

We are left to conclude that in Cerebratulus dismember-

ment is at least greatly assisted, if it be not entirely produced,

by a sudden and excessive contraction of these transverse

muscles of the body. The dorso-ventral muscles being meta-

merically arranged, and the others being evenly distributed,

dismemberment would occur at a definite place in each seg-

ment.

The final question is one which demands the method of re-

generation ; we shall note only the most important points.

Immediately after the rupture is completed the walls of the

body are drawn together, and held in that position by the

contracted circular muscles. This brings the severed edges

of the ectoderm into contact with each other, and they

quickly unite and heal the wound over with the exception of

the posterior end of the intestine, which is left open to func-

tion as an anus. The cells in this newly formed ectoderm,

and the mesoderm cells immediately beneath them, proliferate

rapidly and form a regenerating papilla which grows back-

ward, keeping the anus open at its extremity. This papilla

is much paler in colour than the rest of the body, and at first

consists of a thin ectoderm entirely filled except at the centre

with mesoderm cells. At the same time the entoderm lining

the intestine grows backward as a straight tube along the

centre of the papilla. The muscular system is, of course,

developed from the mesoderm, and two things are worthy of

note in its differentiation. The circular muscles appear first,

and are followed by the outer longitudinal layer. The latter

is developed very slowly, and for a long time consists of a
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meshwork of longitudinal and transverse fibres whicli cross

each other nearly at right angles. The longitudinal fibres

are then increased greatly in number and size, while the

transverse ones remain about the same.

But the chief interest centres about the nervous system.

There has been a great deal of controversy over the origin of

this system in Nemerteans. Salensky in 1884 declared, as

the result of his researches on Monopora vivipara, that

the nervous system was derived from the epiblast (44).

Hubrecht, two years later, declared that in Lineus ob-

scurus no portion of the central nervous system takes its

origin in epiblast, but that it is all of mesoblastic origin, and

he undertakes to disprove Salensky's statement in regard to

Monopora (26).

Finally, Barrois and other investigators derive certain

important portions of the nervous system from invaginations

of the oesophagus, i. e. from hypoblast (7). All these inves-

tigators were working with embryonic material, in which it is

usually very difficult to determine the exact relation of the

different parts. It is interesting to note in this dismembered

Nemertean the mode of regenerating the lateral nerve-cords,

since the process is attended by phenomena which leave no

possible doubt as to the origin of the new tissue.

At the same time that the muscle-fibres first appear we
find upon the ventral surface two invaginations in the epi-

blast (fig. 21), forming two parallel grooves running longi-

tudinally along either side of the central line and quite near

to it.

The ectoderm external to these grooves contains gland

cells, that in the grooves themselves and in the space

between them contains no gland cells, but seems to be made
up entirely of epiblast cells. A third groove then appears in

the centre of the space between the other two, dividing it

into two low ridges (fig. 23). Toward the inner surface of

each ridge the epiblast cells are gradually changed into

neuroblasts, and form one of the long nerve-cords. These

cells are not fully differentiated, but seem more like the so-
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called Ersatz cells, destined to give rise to epitlielium, but

still capable of being transformed into neuroblasts.

After being formed in this ventral position the nerve-cords

migrate upward along either side of the body to their final

normal situation, carrying with them a thick covering of the

neuroblast cells (fig. 22). As soon as the nerve-cords leave

the ridges, gland cells begin to appear in the epiblast cover-

ing the latter, and it becomes in all respects like that on the

outside of the grooves. The grooves then disappear, and

leave a smooth epithelial surface.

The new nerve, therefore, is in no respect an outgrowth

from the old one, but results from a new growth of cells

which are entirely independent of the old nervous system.

It hardly seems reasonable that this Nemertean in its

embryology should derive its nervous system from mesoblast

when in regenerating lost parts it shows such a distinctively

epiblastic origin.

Laeval Development,

Sexual Organs.

The sexes are distinct as in most Nemerteans. There is no

perceptible difference in external form or size, but in the

breeding season there is a difference in colour, due to the

sexual products which show through the body-wall.

The male then appears cream-coloured, while the female is

greyish red, turning to a light chocolate-brown in many
cases.

This difference is clearly seen in the male and female

photographed in fig. 3, the latter being much the darker of

the two.

In regard to the original formation of the genital pouches,

nothing can be offered in the present paper, since the deve-

lopment is not followed that far. Hubrecht considers (26)

that they arise as invaginations of the ectoderm in Lineus,

but Burger's comment seems far more probable.
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He says (13^ p. 480)
^ " I have not been able to decide upon

the origin of the sexual pouches in those forms in which they

are preformed (e. g. Drepanophorus, Cerebratulus), but I am
convinced that they are of mesodermal origin because they

arise as clefts in the parenchyme or the dorso-ventral muscle

layer, while there is no possible doubt that the sexual

pouches in those forms in which they are not preformed

(e. g. Carinella, Malacobdella), but are developed in conjunc-

tion with the sexual products, arise from the parenchyme,

and hence are a tissue derived from the mesoderm.'^

The development of these pouches in a regenerating papilla

bears suggestive testimony toward the same conclusion.

We have already stated that in regeneration a thin ecto-

derm grows backward from the surface of rupture to form

the exterior of the papilla. At the same time the entoderm

forms a straight tube through the centre, which is of the

same size as the central lumen of the intestine since the anus

remains at the extreme tip of the papilla, and which is at

first without any side pouches {en., fig. 60). The space

between ectoderm and entoderm is filled with mesoderm,

from which is developed the body musculature.

The circular muscles and the two longitudinal layers

appear first, but are quickly followed by the dorso-ventral

muscles.

A row of the latter muscles, each consisting of several

fibres, appears on either side of the intestinal tube and close

to it, at about the position they are to occupy when regenera-

tion is completed. These form the thickened pillars at the

inner ends of the germinal pouches (fig. 60, dvm.). Two
lines of smaller vertical muscles extend from these pillars

outward to the body-wall, diverging slightly. They are

woven together by connective tissue so as to form walls

which eventually separate germinal pouches from intestinal

caeca. As the papilla increases in width the walls grow also,

each pillar with its diverging walls enclosing a germinal

pouch (o.).

As soon as the pillars and walls begin to form, the ento-
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derm o£ the intestine grows out to tlie right and left between

the pillars and along the side of the muscle walls, thus form-

ing the intestinal cseca. A blood-vessel, connecting the

dorsal with the latei*al vessels, is formed in the connective

tissue at the inner end of each csecum (hv.). The genital

pouches are thus bordered anteriorly and posteriorly by

bands of dorso-ventral muscles, above by the proboscis

sheath, and below by the lateral blood-vessel beneath the

intestine.

An epithelium now appears, made up of small irregular

nucleated cells which cover the pouch unevenly. It is

impossible for this epithelium to be formed by an outgrowth

from either the ectoderm or entoderm, since it nowhere

comes in contact with either of them. It is evidently

derived from the parenchymal tissue which binds together

the vertical muscles to form the wall of the ovary or testis.

In winter the pouches are much smaller than the caeca,

and are flattened between the latter until their sides meet.

Early in spring the sexual products begin to develop,

appearing first at the outer end of the pouch nearest the

muscles of the body-walls. In the figure given (fig. 63) it

will be seen that the pouch extends, in the form of separate

longitudinal pockets, both forward and backward along the

ends of the adjacent caeca (cf. figs. 61 and 62).

Oogenesis.—The first appearance of egg development is

an increase in one of the nuclei of the epithelium lining these

pouches. This is carried so far that the nucleus with its

large nucleolus comes to occupy a large portion of the cell.

It is then gradually surrounded by a layer of fine-grained

protoplasm which protrudes into the lumen of the pouch

(ec.', fig. 65).

Subsequent development consists in a continued growth of

both cell body and nucleus, the latter developing into the

large germinal vesicle and the former spreading somewhat
over the adjacent epithelium cells which have remained

apparently unchanged (ec"). This gives the ovum a flask

shape, the neck of the flask being inserted between the epi-
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thelial cells into tlie underlying connective tissue. As the

ovum matures the neck of the flask is gradually pinched off

from its connection with the epithelium^ and the egg is set

free in the central cavity (ec.'").

It is not, however, naked as at first, but is now invested

with a delicate follicle, and is soon surrounded by a thick

layer of gelatine, both of which are apparently formed from

adjacent epithelium cells. As fast as an ovum is pinched off

into the central cavity the epithelium partly closes behind it

and new ova are formed, this process continuing until the

whole pouch is filled.

Interspersed among the ova and scattered through the jelly

which fills the central cavity are small spherical highly pig-

mented bodies, granular in structure.

These are probably the same as those described by

Hubrecht (27) for Drepanophorus and Cerebratulus

raarginatus, and like them they disappear gradually as the

ova ripen. Hence they must contribute to the development

of the egg, and undoubtedly furnish the yolk material.

There are also other cells, slightly smaller and lighter in

colour, but staining more deeply, which are scattered all

through the central cavity. From these comes the gelatine

which fills all the space not occupied by eggs (gc, fig. 65).

In a ripe ovary the eggs are crowded together so closely

that they become more or less angular in outline.

If a mass of these eggs be examined before they have

touched any water they present the appearance seen in

fig. 18. Each egg is separated from its fellows by the thick

layer of transparent gelatine which surrounds it. This is

bordered in turn by a stiffened external surface, where it

comes in contact with the coats of adjacent eggs. This gives

the whole mass somewhat the appearance of honeycomb,

made up of angular gelatinous cells, with an egg in each cell

very near its centre.

The gelatinous envelopes cling to the eggs almost as firmly

as the similar jelly around amphibian eggs (Amblystoma,

etc.), and they evidently serve the same purpose.
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The ripe ovum is spherical, quite large (0"1 to 0*2 mm. in

diameter), and appears white to the naked eye, but by trans-

mitted light is seen to be dark brown and opaque, owing to

the large number of yolk granules which it contains. It

possesses a germinal vesicle fully one third its own diameter,

much lighter in colour, translucent, and slightly elliptical in

outline.

Inside the germinal vesicle is a large spherical nucleolus,

which is nearly always eccentrically placed at one end of the

vesicle, the end farthest from the original point of attach-

ment (ec/", fig. 65).

As the eggs are developed the ovaries increase greatly in

size, until finally they occupy nearly all the space, and the

caeca are flattened between them.

Formation of Oviduct.—The ovaries now push inward

nearly to the wall of the intestine, and outward, downward,

and upward to the body-wall. In both horizontal and verti-

cal sections they appear larger at either extremity than in

the middle.

When the eggs are nearly mature each sac pushes out into

the longitudinal muscle layer, presumably at the point where

it meets least resistance, i. e. on the dorsal surface about one

quarter of the diameter of the body from its lateral edge.

It then penetrates the muscles as a fine canal, the first

beginning of a genital duct, which as soon as the eggs or

sperm are fully ripe pushes through the skin to the exterior.

The epithelium lining this canal is made up of flattened cells,

which are elongated until they look almost like muscle-

fibres.

Just inside the mouth of the duct there is a cluster of

gland cells, which secrete a large amount of mucus.

As maturity advances the ducts grow shorter, in conse-

quence of the distension of the body and the resultant de-

crease in thickness of the body-walls. Hence when the

genital products are ripe they are easily discharged through

these ducts.

As soon as the egg enters the water it is seen to be sur^
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rounded by a zona pellucida^ which swells up in fifteen or

twenty minutes to about twice the diameter of the egg itself

(%20).
This zona iJellucida is entirely distinct from the gelati-

nous envelope already mentioned, from which it is separated

by two concentric membranes, situated close to each other

and at quite a distance from the surface of the egg. The

membranes and the zona pellucida itself are perfectly colour-

less and transparent. Soon after the eggs are placed in

water for artificial fertilisation, or soon after they enter the

water when laid naturally, the outer gelatinous envelope

dissolves and disappears, leaving the egg surrounded only by

the zona pellucida and the membranes. If the eggs are

placed in water before they are fully ripe the outer envelope

does not disappear, but remains holding the eggs together in

bunches.

After the ovum is pinched off into the central cavity of the

ovary it retains its original flask shape for a long time, some-

times even after it is laid. Hence it occasionally happens

that after the outer gelatinous envelope has disappeared the

limiting membranes will be found to possess a teat-like pro-

tuberance on one side, which is manifestly the remains of the

original connecting stalk (fig. 20). And sometimes a cor-

responding remnant may be found upon the egg itself, the

neck of the old flask which has not been wholly withdrawn

into its body. These protuberances are of special signifi-

cance, because they enable us to orient the eggs perfectly,

and to determine that the polar bodies always come off at a

point diametrically opposite to them, and hence opposite to

the original point of attachment. It should be added that

since the egg is always elongated into its flask shape at

approximately right angles to the surface of th e epithelium,

it follows that the egg axis bears no definite relation to the

axis of the mother, but may stand at any angle with it.

Spermatogenesis.—The testes are formed and developed

in the same way as the ovaries. The origin of the spermatozoa

in Lineus has been admirably worked out by Lee (30). He
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found that they were not developed in preformed sacs, but

that they themselves gave rise to the latter, or rather

furnished the occasion for their existence. A few large cells

appeared in the body parenchyma, which were soon gathered

into bunches, around which was developed a thin membrane,

thus forming a testis. But in Cerebratulus the spermatozoa

as well as the eggs are developed from the epithelium lining

the genital sacs. The cells of this epithelium increase rapidly

by division, and the original nuclei become larger, as in the

development of the ova. Through the consequent crowding

of the cells some of them are pushed out into the central

cavity, where they become sperm mother-cells and form

spermatozoa by segmentation (fig. 66) . The transition from

the sperm mother-cell, or spermatid, into the spermatozoon

is apparently not direct, there being intermediate stages

(fig. 68).

But the chromatic substance of the nucleus of the sper-

matid gradually separates itself as the head of the sperm,

while the body draws itself out into a long flagellum (cf.

figs. 67 and 68). The general type of development is thus

very similar to that given by Lee (loc. cit.), the essential

difference being that in Cerebratulus the testis is preformed

and the sperms are developed from its epithelium.

When fully ripe the sperms are very large (0"05 mm. long)

and of a peculiar shape (fig. 59 ; compare also fig. 42, in which

a sperm and the polar bodies are drawn to the same scale).

The head is long and sickle-shaped, tapering to a very

fine point at the anterior end, and usually somewhat curved

into a crescent. The middle piece is nearly spherical, and

caps the posterior end of the head like the top of a clothes-

pin.

The tail or flagellum is very long, many times the length

of the head aud middle piece, and is undivided.

These sperms have a slow movement, but it is seemingly

very strong, for they experience no diflSculty in getting

through the two egg membranes in order to reach the egg
itself.
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Egg-laying.

The breeding season extends over about two months or ten

weeks. Some of the females begin laying by the 10th of

June, while others delay till the 20th or 25th of August. In

general those which live in sheltered coves or bays lay earlier

than those found in exposed positions, while the nearer low

water mark the worm is found the later will its eggs be

deposited. By changing the locality, therefore, from which

the eggs are obtained, fertile ones can be secured throughout

the entire two months. Although Casco Bay is but little

north of Long Island Sound, the above dates are radically

different from those given by Coe (15), who states that in the

vicinity of New Haven the breeding season extends over the

month of April, and that by " the first of May nearly all the

genital products have been discharged." This serves to

emphasise still farther the marked differences which have

been noted in the breeding seasons of other Invertebrates

from these two localities.

Burger (13) states that Nemertean eggs are usually joined

together in strings or balls, but that they are rarely laid

singly. Metschnikoff (35) gives Lineus lacteus as one of

these rare instances, but he tells us nothing whatever as to

the manner in which they are laid.

From the rapidity with which the outer gelatinous envelope

disappears when the eggs are placed in water for artificial

fertilisation, it would be naturally inferred that the eggs, if

not laid singly, at least separated very quickly, since this

envelope would be all that held them together. That this is

what actually occurs was proven by observation. The first

lot of eggs laid in the aquarium (cf. p. 113) were found

early in the morning already fertilised, A day or two

later the process was repeated while the aquarium was being

watched, also early in the morning. A stream of eggs was

noticed coming out of the opening of one burrow, while from

another burrow at the opposite side of the aquarium sperms

were issuing.
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Fortunately the burrow occupied by the female was in

contact with the side of the aquarium, and the whole process

could be watched through the glass. It was seen that the

contents of a very limited number of genital pouches near

the anterior end of the body were being emptied. The eggs

were assisted in their passage through the oviduct by a con-

traction of the circular muscles of the body-walls over the

area occupied by the pouches. When first issuing from the

body the eggs were gathered in loose bunches, held together

by the gelatinous tissue already described. These bunches

were pushed along gradually by successive waves of muscular

contraction in much the same way that the ring of mucus

formed by the earthworm in egg-laying is worked off the

forward end of its body.

In this way the eggs came to lie at the bottom of the

vertical portion of the burrow around the head of the Nemer-
tean. Here the action of the water quickly dissolved the

gelatinous material that held them together, and left them

free. They were then caught in the current generated by

the Nemertean's breathing, and carried upward out of the

mouth of the burrow and some distance away from it. Eggs
were laid in this manner several times, and upon them were

verified all the phenomena of maturation and segmentation

derived from artificially fertilised eggs. But in so restricted

a space there was always a tendency to over-fertilisation, and
many of the eggs were killed in this way. Whenever a con-

siderable number were laid at once they collected together at

the bottom of the aquarium, and were held together loosely

by adhesion of the zonae pellucidae, but a slight disturbance

in the water separated them and they floated away free.

Nothing could be seen of the burrow occupied by the male

except its opening, but as sperms were issuing from this in

the same way that eggs were from the other, and as a thick

mass of sperms was afterward found at the bottom of the

burrow in a position corresponding to that of the eggs, it would

seem safe to conclude that the sperms are discharged in the

same way as the eggs.
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It follows tlmt the eggs must be fertilised outside the body
of the female^ and that the sperms often have a considerable

distance to travel before reaching the eggs. This will account
m part for their very strong motion^ and it also verifies the

statement made by Coe (15) that all the genital products are

not discharged at once, but only a limited portion of them.
From the fact that the several lots of eggs were laid so near

together, it seems probable that the period of egg-laying in

any one individual does not occupy more than a week or ten

days. When Nemerteans are kept in confinement without

any chance to burrow, they usually pull themselves in pieces

after a short time. If the sexual products are ripe when this

occurs they are always discharged, and perfectly healthy

fertilised eggs may often be obtained in this way.

Darwin, in his ' Descent of Man,' says that these animals,

like many other Invertebrates, " apparently stand too low in

the scale for the individuals of either sex to exert any choice

in selecting a partner, or for the individuals of the same sex

to struggle in rivalry." This is undoubtedly true, but we
must remember with Mcintosh that this does not exclude

the possibility of a very delicate sexual instinct. The simple

fact that the sperms are discharged simultaneously with the

eggs, even though the burrows of the male and female may
be some distance apart, proves the existence of such an in-

stinct.

Fertilisation and Ripening.

There is nothing resembling copulation, eggs and sperm

being discharged fi*om separate burrows. When ripe the

eggs fertilise almost immediately, but with a little care the

entrance of the sperm into the egg may be seen, though its

subsequent action must remain invisible owing to the opacity

of the yolk granules. A great many sperms usually pene-

trate the limiting membranes, but only one of them enters

the Qgg, though instances of polyspermy are not unknown.

The sharp curved point of the sperm is placed against the

surface of the egg, and a gentle vibratory movement is pro-
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duced by the lashing of the long tail. Althongh this appears

like a weak movement under the microscope, it must really

be very strong, for the head of the sperm is pushed in steadily

and quickly.

The curve in the head of the sperm renders any rotary

motion impossible. As soon as it has entered the egg the

latter becomes more opaque than before, and the large trans-

lucent germinal vesicle quickly breaks down and disappears.

This is followed in turn by the giving off of the polar bodies.

If the supply of sperm be sufficient, so many of them pene-

trate the membranes that the latter are broken down and

disappear entirely. Then the sperms, clinging to the egg

with their heads and lashing with their tails, give the egg a

rotary motion, exactly similar to that produced in later de-

velopment by the cilia. This may be kept up for an hour or

more.

Formation of Polar Bodies.—The first polar body

appears about an hour and a quarter after fertilisation, and

always at a point diametrically opposite the protuberance in

the limiting membrane, when such a protuberance is present.

As already noted, this is the remnant of the original stalk

whereby the ovum was joined to the wall of the ovary, and

hence those eggs which do not exhibit it must have been

separated so gradually and completely as to have left no

trace of their former connection. But it is reasonable to

infer that the polar bodies appear in them also opposite to

the point where such connection formerly existed. If this be

true, it follows that the connection of the ovum with the wall

of the ovary during development results in its permanent

polarisation, and the point at which the polar bodies are to

appear is predetermined.

There is no perceptible separation of formative and nutri-

tive material, but correlated phenomena indicate that the

point of attachment is the vegetative pole. The food supply

must come to the ovum through this attachment, and in early

development the germinal vesicle often lies eccentrically near

it (fig. 64). These facts, taken in connection with what has
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already been ^iven in reference to tlie early development of

the ovum, furnish strong corroborative evidence to the truth

of the view formulated by Mark in 1881 (32) and by Watase

ten years later (47). The ovum is at first isotropic, but after-

ward acquires polarity and other promorphological features

through its topographical relation to the remaining cells of

the maternal tissue. In this species the primary axis of the

ovum seems to be formed at right angles to the surface of

the epithelium from which it originates (cf. 50).

The appearance of the first polar body is accompanied by

the usual flattening of the surface, and sometimes by a slight

pitting in of the ectosarc to meet it (fig. 23a). The latter

effect is often abnormally increased if the cover-glass is

allowed to press upon the egg. The gradual emergence and

rounding of the first polar body is shown in figs. 24—26.

A slight swelling first appears at the point of emergence,

and rises as a symmetrical hemisphere. This increases in

size, and within a minute becomes a short cylinder, or a more

or less rounded conical protuberance (fig. 24).

Within half a minute more the base of the cylinder is con-

stricted, and the constriction increases until the polar body

has entirely separated from the egg (fig. 26). So far as

observed a connecting protoplasmic band is always present,

but it requires a good light and a high power to detect it.

The flattening of the pole draws the sui^face of the egg

away from the membranes, so that the polar body after its

extrusion is not very near them. It now becomes approxi-

mately spherical, the whole formation having occupied about

three minutes.

It lies in contact with the surface of the egg or near it for

ten or fifteen minutes, during which the egg resumes its

original shape, and then withdraws a little, but still retains

the connecting band of protoplasm. This withdrawal is

simultaneous with the first appearance of visible spin-threads,

and marks the beginning of a long series of remarkable

activities which are of suSicient importance to demand a

separate description (see p. 133).
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About six or eight minutes later the first body returns to a

position near the egg, and there awaits the second body.

A swelling appears at the point where the connecting band

of protoplasm from the first body joins the egg (fig. 28).

This rapidly becomes nipple- shaped^ lifting the first body

upon its slightly enlarged apex (fig. 29). There is the same

gradual constriction as before, and the whole formation

occupies about the same time, three minutes. There is also

a second flattening of the egg, sometimes a slight emargina-

tion, whereby the surface is withdrawn from the membranes,

so that the combined first and second bodies, even though

the latter is elongated, do not get any nearer to them. The

second body is smaller than the first, and does not become

spherical, but is elongated parallel to the surface of the egg

into a spindle or melon shape (fig. 35).

Sometimes the first body divides after separation, or, in-

stead of a single second body, two occasionally appear side

by side.

In both these abnormal cases one of the paired bodies

withdraws by itself, while the other two remain and continue

their filose activities.

Activities of the Polar Bodies.—During their for-

mation and almost to the blastula stage the polar bodies

afford a remarkable example of that form of protoplasmic

activity which was first described in echinoderm eggs by G.

F. Andrews, and designated '' filose activities or spinning "

(4).

These activities have already been carefully described

in this Nemertean in an interesting paper by Dr. E. A.

Andrews (2), in which some doubt was expressed as to the

certainty that such activities were entirely normal. The

eggs used by Dr. Andrews were fertilised artificially, but

great care was used in observing them, and the results were

verified by comparison with other eggs which developed into

normal embryos. I am glad to add in confirmation the

following description taken from eggs laid in an aquarium

under fairly normal conditions and fertilised naturally.
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The first polar body, immediately after separation, exhibits

amoeboid changes of outline, as can be seen by comparing

different figures. These are most prominent during the first

four or five minutes. At the end of this time the body has

become spherical, and stands close to the surface of the egg,

with which it is connected by a narrow band of protoplasm

(fig. 26).

It now begins to exhibit spinning activities. Numerous
fine ti'ansparent threads of protoplasm radiate outward

from its surface, usually appearing first at one end (the

body is considered as lying with its side toward the egg),

but frequently elsewhere. The whole surface becomes

covered with such radiating threads, which vary considerably

in size and visible length. At the same time the body

moves away from the egg slowly, but whether as a result of

the spinning or the amoeboid movement or both could not be

determined.

No further change occurs until the appearance of the

second polar body, except that sometimes the sui'face of the

egg in the vicinity of the first body rises up into one or more

small papillae. These occur most frequently on eggs which

afterward become abnormal, and they disappear quickly.

As soon as the second body appears there is a distinct

change in the activities of the first body. The body itself is

slightly elongated parallel with the surface of the egg, and

becomes flattened on the inner side. The filose threads,

which have been hitherto distributed over its surface, now
aggregate toward one or both ends, and gather into long

filaments visible under a low power. They extend outward

and downward toward the surface of the egg (fig. 31), but

could not be traced to actual contact with the surface. But

this affords no proof that they do not reach it, for they are

extremely delicate and transparent, and they diminish in

size the farther they are followed, so that it becomes

difficult to see them.

Certain phenomena at just the pUice on the egg toward

which they point indicate that they leally do reach the surface.
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Furthermore, as Dr. Andrews has noted (2), the appear-

ance of the first body during the extrusion of the second,

and its subsequent changes in shape, are just what they

would be if the first body were pushed upward by the

second and at the same time held down to the surface of the

egg by these filaments.

The band of protoplasm connecting the first body with the

egg remains after the second body is formed, and connects

the two bodies. The second body immediately begins to

elongate parallel with the surface of the egg, and assumes a

spindle or melon shape, which always characterises it. A.

small papilla now appears on the egg at either side of the

second|body and some little distance from it (fig. 33). These

two papillae are situated exactly where the long filaments

from the first body would strike the egg if they reached that

far, and it seems probable that the two are connected. The

papillae vary in size and number on different eggs, but they

are usually two.

They are arranged symmetrically, one upon each of what

will soon become the first two blastomeres (fig. 34). It is

also significant that the spindle of the egg nucleus after the

extrusion of the first polar body rotates through 90°, as in so

many other eggs, and becomes parallel with the surface, its

two ends being just beneath the points where the papillee

afterward appear (fig. 56).

The summits of the papillae are covered with fine spin-

threads, radiating outward, while the surface of the egg
between them is flattened or even concave. They continue

for about five minutes and then disappear (fig. 36). In eggs

not quite ripe, or developed under abnormal conditions,

especially pressure, the papillae are increased in number,

size, and duration (fig. 37).

I have repeatedly seen unripe eggs, on reaching this

period in their development, put out ten or twelve large

pseudopodia-like processes in place of the two papillae, and
gradually go to pieces.

When the papillae disappear the egg returns to its
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original foi'in, thereby carrying the polar bodies neai'er the

membi'anes.

In one or two instances the recovery was carried so far

that the polar bodies were pushed out into the membranes

as in fig. 39.

This figure shows that there are two independent mem-

braneSj for only the inner one is bulged outward to any

extent.

It also shows that the first polar body is surrounded by a

zone within which spinning activities are sufficiently strong

to prevent the membrane from entering. The relative

distance of the two bodies from each other and from the egg

does not seem affected at all by this contact with the mem-

brane, so that the latter must be very delicate and yield

readily to slight pressure. The second body in pinching off

from the egg also leaves a narrow band of connecting proto-

plasm (fig. 35), which keeps both bodies in close relation

to the egg.

When separated it begins to show activities somewhat

different from those of the first body (fig. 36). While

forming, fine threads are seen radiating outward from

nearly all visible parts of its surface, but as soon as it

assumes its characteristic spindle shape the two poles at the

extremities of the spindle become the centres of filose

activity.

At first they send out slender thi*eads in various directions,

but soon they begin to elongate as pseudopodia processes (fig.

35), carrying the centre of activity away from the body itself.

The ends of the processes enlarge, and may even form secon-

dary spindles, from which fine threads radiate in all direc-

tions (fig. 38). Short filaments still appear and disappear at

different points on the body itself, but they are very transi-

tory, and evidently of secondary importance.

In unripe eggs, and especially in those developed under

abnormal conditions, the spinning activities may be greatly

increased. These are the eggs usually covered with papillae

in the vicinity of the polar bodies, and the abnormal spin-
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threads run back and forth between bodies and papillse,

lacing them together firmly (fig. 37). But even then the

threads are remarkably independent of one another, and in

no instance were two of them seen to fuse where they crossed,

though sometimes one would divide and attach itself by two

or more strands.

These abnormal activities also emphasise the fact that those

spin-thi'eads which connect polar bodies and egg emanate

from the former. Of the spin-threads arising from the egg

the longer ones do not extend toward the polar bodies, while

the shorter ones, which do, evidently do not reach across.

The polar bodies take the initiative in spinning; and,

although the egg responds, it never reaches the same degree

of activity.

If a higher power is used the polar bodies are transparent

enough to disclose something of their internal structure.

The first body is pear-shaped, with a short process extend-

ing from the smaller end like a stem (fig. 41). Numerous
threads radiate in every direction from the enlarged tip of

this process, while a similar bunch of threads radiate immedi-

ately from the body at its opposite end, and a few weak

threads appear on the outer side. The interior is filled with

fine-grained protoplasm, with chromosomes at or near the

centre.

The normal number of these seems to be five, but they vary

considerably, now appearing as five distinct curved rods (fig.

41), and again fusing to one large mass, with or without

a smaller one beside it (fig. 40) . The same chromosomes may
be seen in the second body, sometimes separate (fig. 44), at

others more or less fused (fig. 45). The fusion in both bodies

occurs at the time when they frequently divide, but the karyo-

kinesis does not show very plainly. During the emergence

of the second body the first one shows quite a marked polari-

sation (fig. 34), but the resultant figure is never as perfect a

spindle as in the second body, and the polarisation disappears

early in segmentation (fig. 44). The second body, on the

contrary, maintains its characteristic spindle shape through-
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out segmentation, its ends are enlarged more than those of

the first body, and they continue to be centres of filose activity

nearly to the blastula stage (cf. figs. 44, 45).

Summary.— 1, The first polar body acquires its spinning

power soon after separation, manifests it chiefly in the form

of diffused spinning with little polarisation, and loses it early

in segmentation. The second body acquires this power

during separation or immediately afterwards, possesses a

marked polarisation, and retains its activity at least to the

blastula stage.

2. In both bodies the poles are at either extremity of an

axis parallel to the surface of the egg, and the spinning

activities are more or less centred there. In consequence

these two points assume a character notably similar to that of

the two centrospheres at either end of the nucleus during

segmentation.

3. Both bodies show in their interior chromosomes, whose

normal number seems to be five, but which vary greatly in

number as the result of partial fusion.

4. The surface of the egg in the vicinity of the polar

bodies also exhibits spinning activities during and subse-

quent to the formation of the bodies. This spinning is quite

diffuse, but just after the separation of the second body it

becomes concentrated at two papillae symmetrically arranged,

one on either side of the first axis of segmentation. The

long spin-threads from either end of the first body connect

with these papillae. The internal phenomena of fertilisation

and segmentation are invisible through the yolk granules,

but may be seen in sections.

Conclusions.— 1. The polar bodies and the egg
itself, in this species, are to a large extent physio-

logical as well as morphological equivalents.

Evidently the half of the original egg nucleus which

remains within the egg retains the same characteristics as

the halves which are successively extruded in the polar

bodies, or else the latter acquire distinct characteristics

during extrusion—an hypothesis which is hardly tenable.
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Hence tlie polar bodies on the exterior, where they are

plainly visible, repeat for us the same activities, or very

similar ones, that occur invisibly within the egg. We find

both bodies elongated at right angles to the first plane of

cleavage, while their ends, enlarged over each blastomere,

become centres of spinning activity.

Externally the surface of each blastomere also manifests

spinning activity by rising into a papilla which becomes con-

nected with the enlarged end of the first body on its own
side.

These visible filose activities of the egg are much more

prominent while the egg nucleus remains near the superior

pole, and diminish sensibly as it descends to meet the sperm

nucleus.

Such a result would naturally follow the intervention of

inert yolk material between the active nucleus and the

surface of the egg. The increased activities of some eggs

immediately after the extrusion of the second polar body (2,

p. 232, and fig. 37), whereby the whole surface of the egg at

the superior pole is raised into ridges and papillae covered

with filaments, admit of ready explanation if we assume that

in such eggs for some reason the nucleus does not descend at

once, but tarries awhile close to the surface.

Internally the female pronucleus, after the extrusion of the

first polar body, rotates through 90^, as already stated, so

that its ends are just beneath the points where the papillae

appear (fig. 56).

This has been noted in Cerebratulus marginatus also

(16, figs. 20 and 22), where the amphiaster is plainly parallel

to the elongated polar body. Furthermore there is good
evidence for believing that the female pronucleus again

rotates after the extrusion of the second body, and becomes

parallel with the latter (fig. 57). But with the amount of

material at my command for this particular phase of deve-

lopment I have been unable to decide beyond a doubt.

After the egg nucleus has united with the sperm nucleus the

resultant segmentation nucleus is also elongated at right
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angles to the first plane of cleavage, and forms au amplii-

aster. Its ends are not enlarged in each blastomere, but

there is instead a centrosome at either end, which becomes

the centre of activities very similar to those manifested by
the enlarged ends of the polar bodies (fig. 58).

Is it too much to conclude that this marked similarity

between external and internal phenomena cannot be the

result of chance, but that there must be a close relation

between the two ? These considerations lead naturally to

our second and third conclusions.

2. In Cerebratulus we have an instance where
oogenesis approaches more closely to spermato-
genesis, and thereby shows more clearly the mor-
phological equivalence of the two.

Adopting the view first put forward by Mark in 1881 (32),

that the polar bodies are to be regarded as abortive eggs, we

find in Cerebratulus an instance where they are less abortive

than usual. In spermatogenesis the spermatocyte usually

divides into four sperms, each of which is in every way the

equal of all the others. But in the final division of the

oocyte the perfect egg ordinarily appropriates to itself all

the activities of the three rudimentary ones, as well as the

entire mass of the yolk. In Cerebratulus, however, it con-

tents itself with taking all the yolk, and leaves quite a share

of the activities for the polar bodies, especially the second

one.

3. The egg-cytoplasm, and probably the female

pronucleus also, exhibit a well-marked polarity at

right angles to the first plane of cleavage before

the two pronuclei have joined to form the segmen-
tation nucleus.

This can be easily seen by reference to figs. 34 and 56.

Even in those exceptional instances where the whole polar

surface is covered with ridges and papillae the same trans-

verse polarisation is manifest in the increased size of certain

of the papillae (fig. 37 ; cf. also 2, fig. 12).
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Segmentation.

Segmentation is total and equal. The first furrow lies

along an axis joining the polar bodies and the point of

original attachment. This fact furnishes further evidence

that the axis of segmentation was determined early in deve-

lopment. About an hour and a quarter after fertilisation

the egg begins to elongate at right angles to the axis just

mentionedj thereby drawing the polar bodies away from the

membranes. It continues to elongate until the long dia-

meter becomes one and a half times the shorter one.

If viewed at this period under a low power with strong

illumination, it can be seen that the nucleus has divided, and

the halves have migrated to either end of the ellipse.

A shallow groove appears beneath the polar bodies and
the egg elongates still more, the diameters bearing the rela-

tion to each other of five to eight. Two minutes later a

corresponding groove appears on the opposite side, and they

both deepen rapidly, the first more rapidly than the second.

There is also a continued elongation, the diameters standing

in the relation of five to nine. At the end of this period,

which has lasted ten minutes, we find the egg divided into

two almost perfectly spherical blastomeres, joined by a very

narrow isthmus, whose distance from the polar bodies is

twice that from the opposite pole (fig. 49).

Behaviour of the Polar Bodies.—Usually the flatten-

ing of the egg preliminary to segmentation moves the polar

bodies, but sometimes the connecting band of protoplasm

elongates and leaves them in their original position. When
the furrow appears they are always pulled down into it.

Under a low power it is seen that they follow the changes in

position which the surface undergoes as if they were attached

to it.

Under higher magnification one can detect that the bodies

themselves are somewhat changed in contour by the process

(fig. 42). Instead of its characteristic spindle shape, with

the long diameter parallel to the surface of the egg, the
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second body is pulled out at right angles to that surface, until

sometimes the perpendicular axis becomes the longer one.

Evidently its attachment must be firm enough to bring about

such a change.

Its spinning activities are not disturbed in the least, and

the former poles remain the centres of such activities. Tliis

often results in an irregular quadripolar appearance, the two

connecting bands of protoplasm arising from the vertical

poles, while from the horizontal ones radiate long filose spin-

threads.

We have said that the cleavage groove nearest the polar

bodies usually occupies two thirds or more of the entire

diameter of the egg. Hence, if the polar bodies remained

as near the bottom of the groove as they were when it started,

they would be draAvn in at least to the centre of the egg.

But such is not the case. They do sometimes enter within

the general contour of the whole mass, but they usually

follow the groove only a little way, and remain partially or

wholly outside the general contour. As a result, the band of

protoplasm connecting the second body with the egg appa-

rently changes its point of attachment to the latter. Instead

of remaining near the bottom of the groove, it removes to a

comparatively long distance from it on the side of one of

the blastomeres (fig. 46).

Is this change of position real or apparent ? Is it the

body which has changed, or the bottom of the groove ?

That poi'tion of the egg where the connecting band origin-

ally appears is the centre of activity during the extrusion of

the bodies, and naturally remainsconnected with them during

their filose spinning. It then becomes the point at which the

protoplasmic activities resulting in the first cleavage are

manifested. Hence, if the point of attachment were to be

changed, it would seem natural that it should be toward some

other centre of activity. But no such centre can be found at

or near the surface of either blastomere, so that a priori we

should not expect any change. Again, the only way in

which such a connecting band could change its position would
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be either by the withdrawal of the filose threads of which it

was composed and the pi"otrusion of others from a new point,

or by a gradual slipping along" the surface. The latter hypo-

thesis is untenable from the very nature of the spin-threads,

and the most persistent watching failed to reveal any tempo-

rary withdrawal of the connecting protoplasm. We are left,

therefore, to the conclusion that the change is only apparent,

and that the actual point of attachment remains the same.

This affords a means of identification whereby we can follow

one particular portion of the surface during segmentation. In

this way we find, first, that there is no investing membrane in

contact with the surface of the e^g, but that the protoplasm

of the latter forms an ectosarc similar to that of the amoeba.

This is lighter in colour and more transparent than the

remainder of the egg, partly because it contains no yolk

granules.

Again, we find that the change of position is due to the fact

that the point of attachment remains stationary, while the

groove advances; in other words, the old ectosarc travels

inward, during the formation of the groove, only the limited

distance necessary to accommodate the more rounded outline

of the blastomeres, and the ectosarc which covers the bulk of

the groove is a new structure. This is easily formed, since it

consists essentially of egg protoplasm m i n u s its yolk granules.

Anticipating a little, we find that after the two blastomeres

have come together again, and the furrow has been filled in

by appression, the point of attachment does not return to the

bottom of the furrow, but, approaching it closely, remains at

a distance which varies within narrow limits for different eggs

(fig. 50).

The two edges of the old ectosarc do not quite meet, but

a portion of the new ectosarc remains exposed along either

side of the furrow. This portion increases with subsequent

segmentations until the point of attachment comes to lie

near the centre of the cell in the 128-cell stage (fig. 45).

This is the natural result, since the egg increases slightly

in size with each segmentation. The protruding surface of
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each blastomere retains a portion of the old ectosarc near its

centre, and this is surrounded by a border of newly formed

ectosarc, whose relative width increases as segmentation

advances.

Finally, the persistence of the point of attachment of the

second polar body greatly facilitates the orientation of the

egg. As soon as the first groove is formed the blastomeres

become almost perfectly spherical. Most eggs having total

cleavage show a rounding of the blastomeres, but in this

Nemertean they are almost separated, so that the egg assumes

a dumb-bell shape, with a short handle eccentrically placed.

As would be inferred, they are easily separated, with

results to be noticed later.

Certain interesting phenomena precede the coming together

and flattening of the blastomeres. In this egg, as in that of

Echinoderms (5), filose activities similar to those of the polar

bodies arise on the surface of the blastomere.

In fact, they are continuations of the same activity which

has just been spinning the connecting bands of protoplasm

and producing the first cleavage groove. Fastened at a

point near the opening of the groove are the polar bodies

(fig. 46).

Close watching in a good light now reveals spin-threads

forming between the blastomeres. A small papilla appears

nearly opposite the attachment of the polar bodies, and

gradually increases until it becomes half as large as one of

them.

At first filose threads radiate from this papilla in different

directions, but they gradually fuse into one thick thread,

extending obliquely across the groove to a point a little

below where the polar bodies are attached (fig. 47). Half a

minute later another spin-thread appeared below the first,

but no papilla could be seen at its origin, probably because

it was not in perspective. This thread divided when half-

way across, and the two ends wei'e attached separately

(fig. 47).

At the same time spinning activities began on the opposite
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side of the connecting isthmus. A large papilla was formed

on the same blastomere to which the polar bodies were

attached, and a moment later a similar one appeared on the

other blastomere (fig. 47). Short spin-threads radiated

from both papillse ; then the first papilla disappeared, but

the spin-threads remained and formed quite a stout thread

extending across the groove (fig. 48). In some eggs the

threads first formed remain until those upon the opposite

side of the isthmus have appeared. These eggs are of

special interest, because they show that the spin-threads

contain contractile protoplasm (fig. 51). The two blasto-

meres were drawn together on the side of the isthmus farthest

from the polar bodies, and held for an instant and then re-

leased. During this contraction the spin-threads shortened

and thickened visibly, showing that they were at least active

agents in the process. The papillae also were pulled out

slightly in the direction of the spin-threads, as would be

expected of yielding protoplasmic material. After an in-

terval of five seconds the blastomeres were pulled together

again, this time on the side nearest the polar bodies. These

movements on opposite sides of the isthmus alternated at

irregular intervals for two minutes, when the papillae had

entirely disappeared, and the blastomeres had been drawn

together and flattened. These contractile movements were

noted independently, and commented upon by a friend who
was watching another lot of eggs, and were observed several

times subsequently while studying other phenomena, so there

can be no doubt of their reality. It must be remembered in

judging these facts that the conditions are specially favour-

able in the present instance for the occurrence of just such

phenomena. Intercellular connections by means of spin-

threads have been clearly demonstrated in the eggs of many
Metazoa (cf. 3), and have even been retained in preserved

specimens.

We should expect to find them in Cerebratulus as a natural

sequence to the marked spinning activities of the polar bodies.

The perceptible motion of the blastomeres is rendered possible

VOL. 43, PART 1. NEW SERIES. K
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by their almost complete separation ; the isthmus joining them
is very slender^ and can be bent by a slight force.

We thus have in these eggs a combination of strong spin-

ning activities with just the physical conditions best adapted

for rendering them manifest. These activities are more

profuse at this early stage than in any later period of de-

velopment. Whether the blastomeres are sensibly reduced

by this spinning is difficult to determine, because they are

continually changing their shape at just the time when the

spinning is most profuse. In immature and abnormal eggs,

however, they often produce a perceptible diminution of the

blastomeres, and in such cases segmentation is usually un-

equal instead of equal, the third furrow producing four

micromeres and four macromeres. Subsequent division pro-

ceeds on the same plan, but the eggs are so weakened that

they seldom reach gastrulation. In this egg, as in the

Echinoderm, there is thus a marked difference between

normal and abnormal filose phenomena, as emphasised by

G. F. Andrews (5). Such abnormalities are of little use in

explaining normal cleavage, but may contain valuable sug-

gestions. Finally, we may note that these abnormal activities

are frequently carried so far that the egg spins out the entire

substance of the blastomeres, and goes to pieces during the

first segmentation.

This first cleavage, therefore, occupies about fifteen minutes,

and is followed by an interval of rest lasting ten or twelve

minutes.

This interval is occupied in the various phases of karyo-

kinesis ; the nuclei of the two blastomeres divide, the halves

separate and take a position at either end of the vertical

diameter of each blastomere, where they can be seen under a

low power.

The second cleavage groove then appears at right angles

to the first, and divides the egg horizontally into four

blastomeres. These are not spherical, although they appear

so when viewed from the side (fig. 52). If the egg be rolled

between cover-glass and slide, the blastomeres are seen to be
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really egg-shaped or ellipsoidal masses lying side by side,

with the polar bodies still attached to the first cleavage

groove (fig. 53). When they flatten together an open space

is often left in the centre as in the Echinus egg (fig. 52).

If the surface of the blastomeres bordering this opening

be examined under a high power considerable filose activity

is revealed. One spin-thread starts from a papilla on the

side of a blastomere, and runs diagonally across to an ad-

jacent blastomere. Several other fine threads can be seen

radiating from the summit of the papilla, but they could not

be followed across (fig. 52). Another thread crosses from

one blastomere to the one opposite it, and makes a sharp

bend or elbow halfway across, very similar to the bends

figured for the star-fish blastula and the Echinus four-cell

stage in the paper just referred to (5). The third thread

visible at this level proceeded out a little way from the re-

maining blastomere, and then turned abruptly and ran down
diagonally to an adjacent blastomere.

This central open space is subsequently obliterated by the

flattening of the blastomeres. The polar bodies continue

their filose activity, remaining attached to one side of the

first furrow. In fig. 43 both bodies are seen to be bipolar,

but the two poles of the first body are unlike.

One consists of a large but short and blunt process from

whose tip and sides fine threads are given off, while the other

is made up of a simple bunch of radiating threads, each of

which starts from the body itself. Another blunt process

projects toward the second polar body, and forms part of the

connecting band between the two. Short fine threads also

radiate from this process.

The second segmentation occupies not more than eight or

ten minutes, and is followed by a rest of five minutes.

The third segmentation is vertical, and divides the egg into

eight equal blastomeres. Subsequent segmentations take

place more slowly than the first two, and the blastula stage is

reached in about fifteen hours. During the second and third

segmentations the egg elongates again, each time at right
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angles to the plane of cleavage, and since the first three

planes are in the three dimensions of space the successive

elongations restore the sphericity of the egg. During the

flattening together at the close of the third segmentation

there is a twisting to one side, whereby the four upper

blastomeres come to lie over the grooves between the lower

four, i. e. the cleavage is spiral (fig. 54).

A change now takes place in the relative activity of the

polar bodies ; the first one has been more active hitherto, but

it now loses its marked polarity and begins to resume its ori-

ginal spherical form. One of its poles has already been re-

placed by a bunch of radiating filose threads, and the other

one now disappears gradually until the only remaining signs

of activity are occasional spinnings from various points on

the surface.

The second body, on the contrary, increases in activity;

the processes at either end enlarge, and the filose spinning

increases proportionally. The band of protoplasm connecting

it with the egg changes continually in size and contour, and

occasionally a lump or swelling appears near the centre of

this band, looking like a third polar body. But it soon dis-

appears. The two figures given (44, 45) show the relative

activities in late stages of cleavage, and they also show that

the chromatic substance is affected by these activities.

In the first figure the chromatin appears in the form of

grains scattered through the body ; in the second figure it has

been gathered into a nuclear-like mass near the centre, whose

size and shape change under the influence of the spinning.

This change of the chromatic substance under the influence

of filose activity in the polar bodies corresponds well with the

changes in position, size, and shape of the chromosomes in

the nucleus during karyokinesis under the influence of the

spindle activities, and is another evidence of the close rela-

tion between the two. We have no means of knowing how

far they may agree in detail, but they are worthy of note as

showing that the filose activities have a tendency in the

same direction as those of the segmentation spindle.
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A segmentation cavity appears very early, but not quite

in the eight-cell stage as described by Barrois for Lineus
Gesserensis (7).

As would be readily inferred, the first two blastomeres are

easily shaken apart when joined only by the narrow isthmus,

and the same is true of the four- and eight-cell stages.

The experiments of Morgan and others upon frogs' eggs

at once suggested that blastomeres separated in this way
might develop into larvae. Accordingly experiments were

made with the most satisfactory results. Even if the egg-

membranes were broken in the shaking and the blastomeres

set free, they segmented as though nothing had occurred,

and developed into larvae similar in all respects to those

reared normally, except that they were only half as large, or

even smaller in the case of isolated blastomeres of the four-

and eight-cell stages.

Summary.— 1. The axis of first segmentation is prede-

termined in the ovary at a very early stage of develop-

ment. It extends from the point where the egg-cell is

originally attached to the wall of the ovary, diametrically

across the egg to a point where the polar bodies subsequently

appear.

2. The ripe ovum is spherical. Segmentation is total and

equal ; the first three cleavage planes occupy the three

dimensions of space, the second being horizontal. The

first segmentation occupies fifteen minutes, and is followed

by a period of rest lasting ten or twelve minutes. The second

occupies not more than ten minutes, followed by a rest of

five minutes.

Subsequent divisions proceed regularly but more slowly, and

the blastula stage is reached at the end of the fifteenth hour.

3. The polar bodies remain attached to each other and to

the egg through segmentation, and continue their filose

activities.

All evidence indicates that the point at which the second

body is attached to the egg remains constant. It appears at

the bottom of the first cleavage groove, then changes, as the
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groove deepens, to the side of that blastomere which first

passes into the four- cell stage. After the blastomeres have

been appressed it remains a short distance from the bottom

of the groove. This distance increases with subsequent

segmentations, until at the close of segmentation it appears

near the centre of the external surface of one of the cells.

These changes of position without change of identity enable

us to determine—
a. That the egg possesses no surface membrane, but has an

ectosarc similar to that of the amoeba.

6. That the original ectosarc contributes but slightly to

the covering of the cleavage grooves, the larger portion of

that covering being a new structure.

c. That after appression a portion of this new ectosarc

remains exposed along the lines of cleavage, and increases in

relative width as segmentation progresses.

d. That gastrulation begins at the inferior pole, and the

axis of first cleavage becomes the future dorso-ventral axis

of the pilidium, and later of the adult (13).

4. The blastomeres show vigorous spinning activities during

early segmentation. While the polar bodies are coming off,

and immediately after the separation of the second one,

numerous spin-threads appear on the surface of the egg just

beneath the bodies. A papilla is formed on either side of

the first cleavage plane, and from its summit spin-threads

radiate outwards, some of them connecting with those from

the poles of the first polar body, and re-establishing vital

connection between the two. Both papillae and spin-threads

disappear before segmentation begins.

5. Papillee are also formed on the sides of the cleavage

grooves, from which spin-threads extend to adjacent blasto-

meres and aid in appression. These are easily seen in the

first groove, less easily in the second, and can hardly be

distinguished in the eight-cell stage. These threads are con-

tractile, and during the first cleavage, when the blastomeres

are almost separated, their contraction produces a perceptible

movement.
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6. The blastomeres may be entirely separated during early

segmentation, with the result that each one produces a per-

fect undersized pilidiura.

Conclusions.—Recent investigations (3 and 5) have dis-

closed in living eggs of Echinoderms, Annelids, and Molluscs

activities similar to those just described, and filaments which

were probably of the same nature were found in preserved

eggs of Amphioxus and the Amphibia. The first observer of

these activities (5) interpreted them as establishing the physio-

logical continuity of the blastomeres during cleavage, and all

subsequent investigations have only emphasised this inference.

Our first conclusion, therefore, reiterates the same truth :

1. The spin-threads connect the blastomeres and
prevent any physiological separation during seg-

mentation.

Few eggs undergo more complete separation of the blasto-

meres than those of Cerebratulus, but when most distinctly

separated they retain their physiological unity by means of

numerous cytoplasmic commissures. Evidently these spin-

threads are portions of the internal protoplasm which have

flowed out to the exterior, and are formed in the same way
as the filose pseudopodia of Radiolarians and the larger

pseudopodia of amoebae.

We should expect to find them, therefore, as suggested

(3),
" high roads for the passage of living substance " be-

tween the blastomeres, and between them and the polar

bodies. And under specially favourable circumstances the

actual movement of granules along certain threads may be

seen. The current runs now outward and again inward, as

in a Radiolarian's pseudopod.

Hence in those filaments which reach from one blastomere

to another, and remain for any length of time, there would

be a greater or less transference of living material. Seg-

mentation in such eggs cannot be regarded as a separation

of the egg substance into independent " cells," but becomes

rather a differentiation of different portions of the same unit

inass for different purposes,
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2. If spin-threads are outflows of internal proto-

plasm, their activities must be similar to those in

the interior of the egg—a conclusion reached from other

material by G. F. Andrews (4).

One of the activities of the spin-threads is a streaming

movement of their more liquid contents. Unfortunately the

blastomeres are so opaque that we cannot see whether there

is a corresponding internal flowing of the protoplasm, but it

hardly seems possible that the former could exist without

the latter. Such streamings of the egg protoplasm have

been witnessed by Erlanger (21) in the living eggs of several

small Nematodes which are transparent enough to show it

distinctly.

In each end of these eggs alternately the protoplasm moved

from the poles to the equator, but as soon as the equatorial

groove appeared the streaming turned inward at the groove

and then backward toward the pole. After the first seg-

mentation similar streamings appeared in the blastomeres.

These movements were vigorous enough to distort the cleavage,

spindle, and Erlanger concluded that the whole of the egg,

spindle and astral rays included, is always plastic and fluid,

though the rays are more viscid than the remainder. Blunt

pseudopodia were formed on these nematode eggs at various

points, especially near the edge of the cleavage groove, but

no spin-threads were noticed.

The observation of such phenomena in transparent eggs

furnishes a strong presumption in favour of their occurrence

in opaque eggs, particularly in connection with such vigorous

external movements.

3. The spin-threads and other cytoplasmic con-

nections assist materially in appression, and proba-

bly in other movements of the blastomeres.

The spin-threads possess a contractility of sufficient

strength to move the blastomeres, and there can be no doubt

that they assist in drawing them together after segmentation.

They produce visible motion after the first cleavage, but

not in any succeeding stage, because the physical conditions
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are not the same. But it is not unreasonable to suppose

that the filaments formed in such stages really do assist in

appression, even if we cannot see any motion. A similar

function has been pointed out for the connecting filaments

formed in Echinoderm eggs (5). It seems probable also that

something of this sort produces the spiral movement during

the third segmentation. We must admit that some portion

of the internal protoplasm possesses contractility, or we are

again driven to the improbability that the protoplasm which

streams outward to form the spin-threads is radically different

from that which remains inside the egg, and that the change

takes place at the ectosarc. We thus see that all the facts

and inferences to be derived from the visible filose activities

give support on the one hand to the hypothesis of fibrillar

contractility (van Beneden, 9), and on the other to the ex-

planation by means of streaming or osmotic movements of

the fluid portions of the protoplasm (Biitschli, 12). Neither

of these views can well be excluded in face of the testimony

here presented.

It seems equally impossible to escape the conclusion that

both are correct, so far as the existence of the forces which
they advocate is concerned. May it not be that we are to

look for a full explanation not to either one of them alone

nor to any other single hypothesis already advanced, but

rather to a compromise, including at least several of the

principal ones ?

Gastrulation.

Ciliation of the Larva.—As soon as the blastula stage

is reached cilia appear upon the external surface of the cells,

and the embryo begins to rotate slowly about a vertical axis.

The displays of filose spinning already given by the polar

bodies and the blastomeres incline me to the view recently

expressed (4) that cilia owe their origin to similar activities.

During segmentation both polar bodies and blastomeres

were sending out spin-threads, which often traversed spaces
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of considerable width. What more natural than that this

same activity should manifest itself at the close of segmen-

tation in spinning out these cilia ? Evidently they cannot be

extrinsic in their origin, but must be intrinsic. Various names

have been applied to them, but I would suggest that the

term filature expresses better the actual facts in the case

—

i. e. a spinning out into threads of filose processes.

These cilia vary greatly in length, the majority of them

being far longer than those ordinarily given in published

drawings (see 4, p. 72). Furthermore they do not end

abruptly at a definite distance from the cell surface, but

terminate in fine processes similar to the terminations of the

spin-threads from the polar bodies. I have ventured to

represent these cilia in one drawing as they really appear

(fig. 8), and I believe that such figures reveal their true

nature.

Such a relation between spin-threads and cilia may be

taken in evidence to explain the origin of motion in the

latter.

The band of strong cilia around the edge of the oral sur-

face are probably the ones first developed. At the close of

segmentation there is a well-defined differentiation of cells

into ectoderm and entoderm. The former are considerably

the smaller, and are more or less cubical in shape, while the

latter are elongated into well-defined cylinders (fig. 69).

During the blastula stage the egg maintains a position in

which the entoderm cells occupy the inferior pole, while the

ectoderm cells occupy the superior hemisphere and the upper

part of the inferior one. The lower surface becomes some-

what flattened previous to gastrulation, and it is in the ecto-

derm cells bordering this flattened area that cilia are first

seen (fig. 5).

The difficulty lies in proving that these cells maintain their

original position through gastrulation.

Formation of the Grastrula.—Toward the close of the

twentieth hour the large entoderm cells at the inferior pole

turn inward and upward. The flattened area around this
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invagination becomes tlie oral surface, wliile that wliicli is

for the present the superior portion of the embryo is the

aboral surface. These correspond to the terms "sub-

umbrella " and " umbrella/^ as used by Salensky (45) . The

opening in the centre of the oral surface—the blastopore—is

the only opening into the invaginated entoderm. It is per-

manent, and functions as both mouth and anus during the

life of the larva, and is probably transformed into the mouth

of the adult as in other species, a new anus being formed.

The entire inner surface of the entoderm is covered with cilia

as soon as they appear on the ectoderm. The cilia around the

edge of the oral surface are much larger and longer than

elsewhere on the pilidium, and form what is known as the

pre-oral ring, which corresponds with those on trochophore

and turbellarian larvae.

At this period the larva consists of a single outer layer of

cubical ectoderm and an inner layer of invaginated columnar

entoderm, also single. The space between these—the body-

cavity—is filled with a colourless, transparent, gelatinous

liquid.

Invagination is thus embolic, and the first stage in the

formation of the pilidium is accomplished.

The Apical Plate.—As soon as invagination becomes

distinct the embryo falls over on its side. At the same time

a slight depression appears near the centre of the aboral sur-

face (fig. 8), which is saucer-shaped at first, but becomes

markedly cup-shaped in later development. It never lies

exactly at the centre, but always a little anterior to it on the

median line.

For this reason it marks the first appearance of bilateral

symmetry in the embryo, which has hitherto preserved a dis-

tinctly radial form (cf. Korscheldt and Heider).

In the centre of the depression there is developed what at

first sight appears to be, and what was long mistaken for, a

single very strong flagellum. It is really a bunch or tuft of

flagella, twenty to thirty in number, which are nearly always

held firmly together. The depression, the apical plate, is
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made up of ectoderm cells much smaller tlian the average, and

elongated at right angles to the surface. In its formation the

cubical epithelium becomes columnar and invaginates into

the body-cavity as a thimble-shaped papilla. As invagina-

tion proceeds the columnar cells become wedge-shaped, with

their bases toward the body-cavity, and, withdrawing a little,

leave a depression at the centre of the papilla, which furnishes

the requisite support for the flagella. The latter arise singly

from the inner ends of the wedge-shaped cells, and are

wholly unlike the rowing flagella possessed by so many larvas,

never being used for locomotion. They are rather enlarged

cilia, soft and very flexible, and they originate, so far as can

be determined, like the cilia, by a spinning out of the proto-

plasm from within the ectoderm cells. Consequently they

are sensitive, and serve as tactile organs of considerable

delicacy and power.

The Change from Radial to Bilateral Symmetry.
—It has just been stated that the apical plate is eccentric in

position.

This first appearance of bilatei'al symmetry is quickly

emphasised by an elongation of the embryo parallel with the

eccentricity, and the long diameter thus determined becomes

the longitudinal axis of both larva and adult. In later

development the entodermal invagination is elongated along

this same axis, but in one direction only, i. e. away from the

apical plate.

This completes the differentiation, and we are able to dis-

tinguish anterior and posterior, dorsal and ventral, right and

left, and the second stage in the formation of a pilidium is

complete.

Such a transition from radial to bilateral symmetry is of

interest in its bearing on phylogeny. Embryologists gener-

ally agree that several of the largest groups of Metazoa show

enough resemblance in their larval development to warrant

the conclusion that they are all descended from a common
ancestral form. These groups include Annelids, Molluscs,

Rotifers, Gephyrea.ns, Nemerteans, and possibly others.
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There have been several attempts to arrive at an idea of

their ancestral form, but the way is beset by so many difficul-

ties that the attempts agree in few particulars. These few,

however, are significant, for it is conceded that the archetype

must have been very simple, that it possessed radial symmetry,

and probably approached closely to a uniformly ciliated gas-

trula, with a rounded aboral surface and a flattened oral

surface, in the centre of which was situated the mouth.

Around the edge of the oral surface was a ciliated ring, pos-

sibly innervated.

Even in these meagre details we recognise almost an exact

description of our Cerebratulus larva, which is, like that of

many Nemerteans, developing through a pilidium.

The only noteworthy difference is the presence in the

pilidium of the apical plate with its bunch of flagella, which

forms a well-developed sense-organ. But in several impor-

tant respects the pilidium larva is less highly developed

than any of the others mentioned. This is especially seen in

the form of the alimentary canal, in the absence of an anus,

and in the lack of any true nervous system. In these par-

ticulars it approaches the ancestral type more closely than

any exiisting larva, and in consequence the manner in which

it changes from radial to bilateral symmetry becomes of

interest.

The flattening of the inferior pole and the establishment

of the gastrula invagination leads to the fixing of a

structural axis passing vertically through the mouth, with

the whole body arranged radially around it. But the next

step is not an elongation of the aboral surface and the for-

mation of an anus there, as assumed for the ancestral

metamorphosis.

It is rather an unequal elongation of the oral surface,

whereby the portion in front of the mouth forms the pre-oral

lobe, while that behind the mouth develops into the trunk

and forms an anus.

Thus the aboral surface retains its relative position

and becomes the dorsal surface of the Nemertean.
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The Escape from the Egg Membranes.— Cilia have

now developed over the entire external surface of the larva,

and as soon as it falls upon its side the rotary motion which

they produce presses the aboral surface against the membranes.

This elongates the latter into an ellipsoidal form, and bends

the tuft of flagella at a sharp angle near their base.

By continued rotation this sharp angle is driven against

the membranes forcibly enough to bend them outward in a

shallow dent (fig. 6). This keeps the sharp angle in position,

and it soon bores its way through the membranes (fig. 7).

The bunch of flagella is then straightened out, tearing the

edges of the rent still more, and some of the liquid which

filled the membranes escapes. This causes them to collapse,

and they fall against the rotating embryo, whose strong

motion quickly tears them in pieces, leaving the larva free.

This is the second and probably the most critical period in

the life of the embryo. Of those reared from artificially

fertilised eggs fully one third fail to escape from the mem-
branes, and normal embryos fare no better, since 35 per

cent, of those under observation perished inside the mem-
branes. When we reflect on the apparent ease with which

the sperms penetrated these same membranes we are

impressed with the delicacy of the apical flagella. Hatschek

has noted in the Annelid Eupomatus cruciatus that the

cilia pierce the membrane when they first appear, and it

would seem as if the latter was not as tough as in Cerebra-

tulus (Korscheldt and Heider, p. 173).

We find examples of both dextral and sinistral rotation,

with a large majority in favour of the former.

The rapidity of rotation and the time at which the larva

escapes also vary greatly. If unable to escape at the proper

time the continued rotation reacts upon the larva and

tears asunder the cells of which it is composed.

In consequence a ragged bunch of cells may often be seen

rotating in the midst of a loose mass of individual cells

which have been separated from it, the whole enclosed in the

original membranes. Or sometimes the membranes give
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way at the last moment, and the bunch of cells is set free

rotating slowly.

The Pilidium.

Habits.

Locomotion.—The larva always moves with the aboral

surface ahead, as seen in fig. 8. Locomotion is accomplished

wholly by the cilia, particularly the band of lai'ge cilia

around the edge of the oral surface. Their combined action

results in a uniform and quite rapid forward motion, and

there is also a continuance of the old rotary motion, though

the axis of rotation is now horizontal instead of vertical.

The life of the larva seems to depend on its constant

motion, and if one is stopped for any length of time it goes

to pieces, the cells being torn asunder by a vigorous contrac-

tion of the body muscles. This renders any extended

examination of living specimens very difficult. Nevertheless

it was determined to examine these larvae alive for the reason

that they become beautifully transparent immediately after

gastrulation, so that internal development can be followed in

detail.

After repeated trials it was found that the best method of

keeping the larvae quiet was to place them in a drop of salt

water under a supported cover-glass, and then paralyse them

with cocaine, or better with chloral hydrate. If just the right

amount (which must be very small) be used the larva will

remain stationary for a long time, with the cilia moving

slowly and without any contraction of the muscles. Li this

condition camera lucida drawings are easily made, and the

morphology which follows has been obtained entirely

in this way from a study of living larvae.

Use of Apical Flagella.—In swimming the long

flagella are stretched far out ahead, and move round slowly

in front of the advancing embryo. So completely are these

flagella controlled by the apical muscle that they are capable
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of movements in every possible direction and of great

delicacy.

The larva is often seen advancing toward some object, or

toward the outer surface of the drop of water in which it is

swimming, and when still distant from it half its own
diameter it turns suddenly, sometimes even completely

around, and escapes coming in contact with it. Either,

therefore, the flagella are sensitive enough to recognise an

object when still some distance from it, or they are prolonged

beyond their visible tips, the prolongations being invisible

under the power used.

In view of what we have already seen we must conclude

that the latter is far the more probable.

The flagella also serve as a steering apparatus, like the

tuft of cilia at the apical pole of many Actiuian larvae, and

the apical plate in its earlier origin is sometimes traced back

to such a rudder-like tuft of cilia (cf. Korscheldt and

Heider)

.

Here in the pilidium we find both apical plate and apical

tuft, the latter retaining its original function of steering.

Farther than this the flagella take no part in locomotor

movement, but are pre-eminently tactile, and constitute

practically the only sense-organ possessed by the larva.

Their importance is shown by the comparatively complex

structure of the apical plate from which they arise, and by

the attachment to it of the largest and best developed

muscle in the whole pilidium. And yet they are exclusively

a larval organ, and take no part in the formation of the adult

worm, being thrown off with the epithelial covering.

Sometimes there are two apical tufts instead of one as in

the figure here given. In such a case the plate is broadened

and thickened, but there is only a single apical muscle,

developed in the usual way.

Pilidiums are sensitive to light, always congregating on

the side of the aquai'ium nearest the source of light, but they

show no response to ordinary sounds.

Food.—The pilidium swims at the surface of the water
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until its transformation into the adult form. During tliis

time its food supply is varied. It consists chiefly of very

small particles of the refuse material always found in sea

water; in no instance were living organisms found in the

digestive organs. The cilia on the inner surface of the ento-

derm keep up a constant current inward through the single

opening at the centre of the oral surface, and another inter-

mittent current outward. The former runs along the anterior

side of the invagination and carries with it the food particles.

In the stomach the current becomes more or less rotary,

carrying the food round rapidly until all that is digestible

has been absorbed. The refuse material is caught from time

to time in the intermittent current and carried outward along

the posterior side of the invagination, and discharged by the

same opening at which it entered. This single opening, the

blastopore, thus functions as both mouth and anus. Often

the refuse is thrown to quite a distance by a vigorous flap

of the lappets, the larva at the same time being driven

forward with a jerk. After the primitive intestine becomes

differentiated into stomach and oesophagus the opening

between the two is strongly constricted by a sphincter muscle,

which operates exactly like the pyloric sphincter in our own
bodies.

Morphology of the Pilidium.—As the larva elongates

in passing from radial to bilateral symmetry two enlarge-

ments appear, one on either side of the blastopore, growing

downward from the border of the oral surface. These form

ear-like lappets, diverging slightly from each other, and the

larva has now assumed the helmet form of a typical pilidium.

This species is slightly elongated antero-posteriorly, and the

lappets are quite thick (figs. 9, 10).

The whole pilidium is built up of the three primitive

tissues nearly unmodified. The ectoderm forms the skin, the

entoderm the intestine walls, while the mesoderm fills the

space between. The gradual development and transforma-

tion of these three tissues takes place very slowly, and affords

a good opportunity for studying the tissues themselves and

VOL. 43, PART 1.—NEW SERIES. L
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tlieir derivatives. The entire surface of the pilidium is

covered with cilia, those along the edge of the helmet being

thicker and stouter than elsewhere, since the pre-oral ring of

the gastrula is continued around the edge of the lappets.

By a contraction of the muscles with which the lappets are

soon supplied a peculiar flapping movement is produced, very

similar to that of a pecten's shell when swimming, and this

seems to be of assistance in locomotion. The lappets are

also quite sensitive, though they are always carried behind

the larva when swimming, and hence cannot be of as much

service as the flagella.

The larva has now become perfectly transparent, so that

the details of internal development can be easily watched.

The Primitive Intestine.—At first no differentiation is

possible in the invagination which forms the primitive

intestine. It is composed throughout of a single layer of

cells which are longer and narrower than those of the

ectoderm, and which bear cilia upon their internal faces.

These cilia are very delicate, and are manifestly the result of

filose action. As soon as the embryo elongates, however,

the invagination bends over toward one end, the future

posterior end of the embryo (fig. 10). This flexed end

approaches close to the wall of the pilidium, enlarges, and

assumes a spherical shape.

A slight constriction appears at the point of flexure, and

we can now distinguish an oesophageal portion which

extends from the mouth to the point of constriction, and a

stomach portion, the enlarged inner end. Histological

examination reveals a clear distinction in structure also

between the two (cf. p. 188).

As the stomach enlarges the aboral surface posterior to

the lappets becomes larger than the corresponding anterior

portion.

Consequently it rounds over somewhat where it joins the

oral surface, and the latter sinks in as a shallow saucer-

shaped depression, approaching closely to the wall of the

stomach. But the two never meet as in the trochophore larva.
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At first the oesopliagus is cylindrical and of the same dia-

meter throughout, but later it is enlarged laterally and con-

stricted around the mouth as well as at its junction with the

stomach. This dilation produces a lateral elongation of the

mouth opening, which becomes more and more elliptical.

Both oesophagus and stomach walls are covered Avith

muscle-cells. In the former muscles are formed, which, by
inflation and constriction, assist in taking in and ejecting the

food, and probably also in breathing. For in view of the

fact that the adult breathes through these same oesophagus

walls, and that a strong current of water is kept flowing

over them by the action of their cilia, it seems rational that

oxygenation should take place here in the larva. On the

stomach the muscles do not seem strong enough to render

much assistance in churning the food, but at the constrictions

they develop into strong sphincter muscles. The one around

the mouth in other species becomes the lip muscle of the

adult worm.

The simplicity of this primitive intestine is the more re-

markable when we reflect that it is the only portion of the

pilidium which is preserved in the adult Nemertean.

Mesoderm Formations.—These include mesenchyme

cells and the whole musculature of the larva. In no other

larva with which I am acquainted can the development of

the muscular system be followed so easily and in such detail.

This is due to a combination of peculiarly favourable cir-

cumstances. First the pilidium walls are as clear as glass,

enabling the single mesenchyme cells to be seen through

them from the very beginning. Then the mesenchyme cells

themselves are large, and as soon as they become polar can

be readily distinguished from all others. Finally the develop-

ment into muscle is so gradual, and the ultimate tissue is so

simple, that a single cell may be followed for some time after

it has united with others, and has begun to function as

muscle.

Consequently the development of the muscle system of the

pilidium larva is one which discloses something of the real
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nature of muscle tissue as to its origin and functions. And
yet, so far as known, the present is the first attempt to work

out this development in any pilidium. Even Burger (13), in

his excellent monograph, can only say, " The mesoderm gives

rise to the gelatine, the star-shaped cells lyiug iu it, and the

muscle fibrillse. The latter have doubtless developed out of

the star- shaped cells."

Origin of the Mesenchyme Cells.—Metschnikoff has

shown in the genus Linens (35) that the mesenchyme origi-

nates from large entoderm cells around the border of the inva-

gination, and the same is true in Cerebratulus. When
gastrulation first begins, scattered mesenchyme cells separate

from the entoderm in the angle between the invagination

and the oral surface, and sometimes along the convex in-

vagination itself (fig. 72).

Unlike Linens, there are here two kinds of these cells,

readily distinguished by their size (fig. 73).

The larger ones are given off first, and for a little while are

the only ones to be seen ; then both kinds come off together

indiscriminately. We will call them macromesencytes and

micromesencytes respectively.

At first the macromesencytes are rounded in form, and

float about freely. At this time they are difficult to discern

against the background of ectoderm, but they soon become

branched, and are then easily distinguished from all other

tissue.

The branches hinder their freedom of motion enough to

show that the liquid in which they float is gelatinous rather

than watery, and they gradually become fixed in position and

function as muscles. While free they exhibit amcBboid

movements, similar to those of blood leucocytes; then the

cell puts out slender, blunt pseudopodia, which change their

position, size, and shape, like those of an amoeba. But they

quickly become fixed in position, and are then spun out much
farther, with tips so attenuate that it is impossible to tell

where they really do end.

They continue to increase in length until they finally touch
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the body-wallj or that of the intestine, to which they fasten

themselves. They then function as muscle by contracting

and pulling together the parts to which they are attached.

While they remain free no trace of striation can be seen

in the cells, but we have to remember that we are looking at

them through the pilidium wall, which, however clear it may
be, is not perfectly diaphanous. Hence there might exist a

fine striation without our being able to detect it. But as

soon as the cells become fixed in position granules appear

in the cell cytoplasm, and the thread-like branches become
distinctly fibrillar in structure. No amitotic division stages

were found, as noted by Montgomery in the free mesenchyme
cells of the adult worm (37). Occasionally the branches of

two cells anastomose before becoming attached, and may be

seen to contract, at first irregularly, but later rhythmically,

like similar cells in opisthobranch Gastropods (cf. 49j. After

the cell becomes fastened to the pilidium walls these rhythmic

pulsations cease, and the cells become regular muscles, con-

tracting only when stimulated. The muscles developed from

these macromesencytes are considered under the following

heads

:

1. Retractor Muscle of the Apical Plate.—This is

usually the first muscle formed. Soon after the intestine has

turned down posteriorly mesenchyme cells are seen along the

apex of the bend beneath the apical plate (figs. 8, 9). One
or more of them become stationary at about the position of

the future muscle.

It then sends out spin-threads which reach, and fasten

themselves to, the apical plate, the wall of the intestine, and

sometimes the aboral wall of the pilidium. Other cells in

floating about come in contact with these fixed ones, and are

arrested. They in turn send out processes to the apical

plate, the intestine, or the wall of the pilidium, according

to their position. Other processes are then sent out which

anastomose with those already formed, making a coarse net-

work (fig. 11).

The strands of the network are then pulled around by the
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formation and attachment of new processes and the letting

go of old ones, until they are approximately parallel (fig. 14)

.

The strands then come together and fuse into larger ones,

while the cell bodies, which now contain little beside the

nuclei, travel slowly along the strands, and seem finally to lie

on the under surface of the apical plate, or upon the wall of

the intestine.^

The removal of the nuclei leaves the strands in the condi-

tion of clear muscle-fibres (fig. 15). Occasionally the body of

a cell is all used up in forming processes, and then the nucleus

may be flattened slightly and retain its place in the fibre.

The muscle is thus fastened first to the wall of the intes-

tine (fig. 13), and is so figured by Verrill (46, p. 417).

But it soon divides and passes down on either side of the

intestine, and fastens to the anterior border of the lappets,

separating into fine fibres at the point of junction (fig. 15).

In a good light the fibres, may be seen to be attached to

delicate papillse, which are raised slightly from the inner

surface of the ectoderm cells. The muscle is now no longer

connected with the stomach, for a strong contraction draws

the apical plate down until it almost, if not quite, touches the

stomach Avail. This is the longest, the largest, and the

strongest muscle in the pilidium, as well as the first one to be

formed, and it is chiefly through its violent contractions that

the cells of the pilidium wall are pulled asunder under

irritation.

In such a case, after the muscle has shortened and thick-

ened all its structure will allow, a still further shortening

is produced by the assumption of a corkscrew shape,

exactly as in the contractile stem of Vorticella. This is

the only means by which the muscle can draw the apical

plate down far enough to touch the stomach wall.

2. Interparietal Muscles.—The first of these consists

of a single cell, which lodges usually just in front of the

apical plate (fig. 17). Long processes are developed at

^ Mrs. G. r. Andrews kindly gave me this final location of the nuclei, from

her own observations upon Cerebratulus.
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either end of this cell, which extend across and fasten to

the pilidium wall.

At first the fibres are simple, and contraction results in

pulling the pilidium walls closer together ; but in later

development they may be joined by other fibres, and the

motion then becomes compound, producing a general shrinking

of the body-walls.

There are also one or more cells which sometimes accom-

pany the large retractor muscle, but whose fibres only extend

from the apical plate to the wall of the intestine (fig. 15).

These are insignificant in size and strength, and probably

play an equally insignificant part in the motions of the larva.

Finally, there are muscles, consisting mostly of single cells,

which run from different points of the pilidium wall to that

of the intestine (figs. 13, 15). These seem to develop wherever

the cell is finally lodged, and their contraction produces move-

ment in both the walls to which they are attached.

Being formed from a single cell, the body of the cell

usually remains visible for some time, but later it may travel

along to one wall or the other, and leave a simple strand

stretched across the intervening space. Here, then, we
witness the transformation of a cell, at first independent of all

the rest of the larva save the liquid in which it floats, into a

muscle-fibre fixed at both ends, and capable of contracting

under stimulus.

3. CEsophageal Muscles.—There are two sets of these :

a. Gastro-oesophageal, consisting of delicate fibres

running diagonally between the adjacent walls of oesophagus

and stomach.

Most of them consist of a single macromesencyte and its

branches ; they do not anastomose, and are so far apart that

they cannot fuse (fig. 14). They are not formed until the

seventh or eighth day, and are used chiefly in the dilation

(antero-posterior) of the ossophagus. They ai'e weak, and
scarcely worth a separate classification.

h. Post- oesophageal, a thin muscular sheet, triangular

in shape, connecting the oral ectoderm with the posterior
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wall of the oesophagus aloag its mid-line. Sometimes the

sheet is divided^ and attached along either side instead of in

the mid-line.

In fig. 14 several mesenchyme cells are seen just fastened

in place and putting out processes ; in later development (fig.

15) the individual cells have coalesced into abroad triangular

sheet of muscle. One side is attached to the oesophagus from

the mouth nearly to the stomach ; a second side is attached to

the ectoderm from the mouth back to the angle between the

lappet and the oral surface ; while the third side^ somewhat

concave, hangs free. The bodies and the nuclei of the indi-

vidual cells composing this muscle can be seen for a long

time as swellings irregularly distributed through the muscle

sheath.

The oesophagus is ordinarily dilated laterally^ so that the

contraction of this muscle dilates it autero-posteriorly, and,

when followed by a contraction of the muscular walls of the

oesophagus itself, aids materially in generating the currents

of water which take in the food particles and eject the waste

matter.

The motion thus produced corresponds also to the breathing

movements in the adult worm, and it does not seem rash to

suppose that the larva also breathes in this way, and that the

muscle under discussion is one of the muscles of respiration.

4. Circumoral Muscle.—This consists of a strong

muscular ring which surrounds the mouth, and of muscle

bands which extend backward and forward from the ring to

the edge of the lappets (fig. 15). The elliptical mouth ex-

tends from the centre of one lappet to that of the other, and

across the space intervening between the lip and the anterior

and posterior angles of the lappets numerous muscle-fibres

are developed. At the side are usually found large cells,

which send out fibres reaching to the extreme anterior and

posterior walls of the pilidium, as well as shorter lateral ones.

These cells are well developed^, and their contraction tends to

draw the borders of the oral surface in toward the centre.

The ring around the mouth is developed into a well-defined
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sphincter, whose contraction can almost close the mouth
opening. These ring and band muscles form an excellent

support for the attachment of the other muscles, notably

those of the lappets and apical plate, and for the support of

the primitive intestine. In fact, they serve as a sort of

centre for the whole body musculature ; and this seems an

important use under normal conditions. They also restore

the oesophagus to its normal shape after dilation, and, next to

the apical muscle, are the most strongly constricted under

irritation. They have the advantage of being situated close

to the source of supply of mesenchyme cells, and in other

species they are retained during metamorphosis, and develop

into the strong lip muscles of the adult Nemertean.

The second kind of mesenchyme given off by the entoderm

consists of much smaller cells than the first. Very soon

after the appearance of the large cells these smaller ones

may be seen coming off in the same locality. The difference

in size is shown in fig. 9, and is not diminished by subsequent

growth. These micromesencytes do not float about like

their larger predecessors, but remain close to the body-wall

(fig. 14).

They do move about, however, in a curious way.^

After being warped about in different directions they each

settle down at some particular spot, and become permanently

attached, to form the fifth group of muscles. Conn, in his

study of Thalassema (17), found two kinds of mesenchyme
cells, one of which became distinct muscles, while the other

consisted of branching cells of the same origin, but more like

" connective tissue corpuscles scattered at random in the

body-cavity, but quite close to the body-wall. In the older

larvse they are more abundant, and unite to form quite a

continuous layer." Their similarity in origin, form, and
position to the micromesencytes of Oerebratulus, and the

fact that they are ultimately joined in a continuous layer,

suggest that they may have a similar function.

' la a verbal comtnunicatiou Mrs. G. F. Andrews states that she lias seen

these cells warping themselves about by means of protoplasmic processes.
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5. Parietal Muscles.—These consist of single micro-

mesencytes scattered over the entire inner surface of both

ectoderm and entoderm (fig. 16). Their fibres anastomose

freely with one another and with the interparietal muscle-

fibres, and form an irregular network, which is attached

closely to the inner surface of the pilidium walls. Their con-

traction may assist the motion produced by other muscles, or

may produce a local shrinkage something after the manner

of the so-called " goose-flesh " on our own skin under the

influence of cold.

Certain of the cells on the walls of the oesophagus are

arranged with more or less regularity transversely, and form

constrictor muscles. It is possible that some of the macro-

mesencytes assist in the formation of these constrictors, since

some of them are attached in the right position and after-

ward disappear, but the matter could not be definitely deter-

mined.

These muscles are usually incorporated in the tissue of

the intestine wall during subsequent development, and

together with many of the macromesencytes which have

remained isolated are transferred to the adult Nemertean

during metamorphosis, as has been shown in other species

by Biitschli (11). All the remainder of this quite intricate

musculature disappears.

The parietal network forms a layer separating the ecto-

derm from the central gelatine, and assists the other muscles in

pulling asunder the cells of the pilidium walls under irritation.

We thus see in the musculature of the larva which is

temporary, and the bulk of which disappears during meta-

morphosis, a curious foreshadowing of the function of dis-

memberment which is so prominent in the adult.

6. Lappet Muscles.—These muscles necessarily await

the development of the lappets, and are thus the latest to

appear, coming about the eighth day. The cells from which

they originate are almost of the same size, and become

stationary close to the cilia ring, forming a row just inside

the cilia cells (fig. 81).
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Each cell tlien sends out a process which develops into a

muscle-fibre. There are two sets of these lappet muscles.

a. Radial Muscles of the Lappets.—These consist of

fine fibres extending radially from the edge of the lappets to

the circumoral ring (fig. 15). They are all .of the same size,

and are arranged at approximately equal distances from one

another, each micromesencyte forming but a single fibre.

They anastomose little, if at all, but each fibre at the edge

of the lappets divides into from two to five fibrils.

Each fibril is attached to a fine mammillary process on the

inner surface of a cilia cell, which looks like a miniature of

one of the papillary muscles of the chordae tendinesB of the

human heart. These muscles correspond to the " large

muscles of the lappets " noted by Salensky in Linens (45),

but differ from them in that they do not radiate from a

single point.

There is a small group (fig. 15) radiating from the same

point as in Salensky's figure, but it does not constitute an

important pai't of the muscle. The actual process of attach-

ment by which one of the muscle fibres is fastened to the

pilidiiim wall is difficult to watch, but it is easy to determine

in these lappet cells that the muscle fibrils are connected

with the cytoplasmic reticulum. When one of the threads

sent out by a mesenchyme cell comes in contact with an ecto-

derm cell it first flattens out a little on the surface of that

cell.

The substance of the thread, which is actively moving

protoplasm, then fuses with the ectosarc of the cell, and

through it becomes attached to the reticulum in the interior.

That it is certainly thus attached is seen upon the disruption

of the pilidium under irritation, when muscle fibrils may
sometimes be found with a single ectoderm cell still attached

to either end.

These of course were interparietal muscles. If now the

cells be held in position by pressure of the cover-glass the

muscle-fibre will go on contracting for some time.

By increasing the power used until the reticulum of the
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cell becomes visible^ it can be seen that the threads of this

reticulum are apparently continuous with the fibrils, and

that every contraction of the latter pulls the reticulum

adjacent to the point of attp-chment out of place. As soon

as the contraction ceases the reticulum returns to its former

shape. The ground substance of the cytoplasm is appa-

rently affected only as it is compelled to accommodate itself

to the changes of shape in the reticulum. The cytoplasm of

the thread, therefore, at first fuses imperceptibly with that

of the cell to which it is being attached, but on becoming

fibrillated the fibrils attach themselves to the - more sub-

stantial reticulum.

These radiating fibres are very contractile, and may often

be seen to assume the same corkscrew shape as the apical

muscle when excessively contracted. They serve to produce

the opening and closing motion of the lappets already de-

scribed.

b. Locomotor Muscles of the Cilia Rows.—These

correspond closely to the circumoral muscles in origin and

mode of development. The cilia rows lie at the junction of

the aboral and oral ectoderm where the mesenchyme cells

originate.

When the lappets first start some of these cells are taken

along with them in their downward growth, and retain their

original position just inside the cilia cells (fig. 11). From a

portion of these micromesencytes are developed the radial

muscles just described, but most of the fibres unite to form a

muscle strand running along inside the cilia cells. This

strand increases as the lappets enlarge, and unites at either

end with the circumoral muscle (fig. 77). Its fibres divide into

fibrils which terminate in the individual cells of the cilia rows.

The strand can be plainly seen in all longitudinal or dia-

gonal sections which cut through the edge of the lappets,

and it may be detected in specially perfect cross-sections,

where of course the fibres appear as dots. These are the

only muscles of the larva distinctively for locomotion (cf.

p. 159j.
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But not all tlie mesencliyme is employed in the manu-

facture of muscle. Certain of the macromesencytes do not

develop processes or exhibit amoeboid movements, but divide

and subdivide actively. As fast as they are used up in this

way others take their place, so that they may always be found

scattered about in the gelatine. In the living larva they

appear yellowish, and they always stain more deeply than

the muscle cells. Evidently they are the source of the gela-

tine itself, and probably correspond to the isolated cells which

Biitschli showed (11) were transferred to the adult Nemer-

tean. If their development could be followed in this species

it would doubtless be found that they share the same fate.

Summary.— 1. The mesenchyme originates from large

entoderm cells situated at the junction of entoderm and

ectoderm.

2. Its cells are of two kinds, called macromesencytes and

micromesencytes respectively, the former being several times

larger than the latter. At first macromesencytes are given

off alone, then both kinds appear together. From micro-

mesencytes are developed the parietal and lappet muscles

;

from macromesencytes all the other muscles of the pilidium.

3. In this muscle development both kinds of cells may
either remain single, forming delicate fibres, or may anasto-

mose into a complex network, or several cells may fuse into a

larger strand.

4. At first the macromesencytes float about freely and

exhibit slight amoeboid changes of form. Then they put

out slender pseudopodia branches which arrest their motion.

These pseudopodia do not show any contractile movements,

but only a streaming motion of granules and cytoplasm.

They are lengthened until they come in contact with some-

thing to which they can be fastened.

5. As soon as they are fastened the structure changes from

that of normal cytoplasm into typical fibrillated muscle.

This is accompanied by a corresponding change in activity

;

the streaming ceases, and the fibrils become contractile and

function as muscles.
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6. Prior to fixation two macromesencytes sometimes anas-

tomose with the same change in structure and activity, but

they pulsate more or less rhythmically instead of contracting

in the ordinary manner. As soon as they fasten to the larval

walls, however, the pulsations cease, and their subsequent

contractions are like those of other muscles.

7. The cytoplasm of the macromesencytes is exhausted in

the formation of branches. The nucleus retains its original

position until the muscle-fibres are formed ; it may then

become flattened and incorporated in situ in the muscle

tissue, but more frequently it migrates along the fibre to the

pilidium wall.

8. The micromesencytes do not float about, but remain

close to the pilidium walls, upon which they creep along to

their final position by means of " protoplastic activities."

9. The ends of the thread-like pseudopodia sent out by

both kinds of mesenchyme, on coming in contact with a cell

of the pilidium wall, at first fuse with its ectosarc, but after

they become fibrillated the fibrillae are attached to and are

apparently continuous with the cell reticulum.

10. The ectoderm and the entire musculature of the larva,

except the parietal muscles of the intestine and a few isolated

macromesencytes, disappear during metamorphosis.

11. When irritated the larval muscles contract violently

and pull in pieces the walls of the pilidium, thus showing

the same tendency toward dismemberment that is manifested

in the adult.

Conclusions.—The simple fact that circumstances com-

bine so favourably for a study of the musculature in the

pilidium would give it considerable interest. And when we

remember how closely it approaches in primitive simplicity

to the archetype of several of the largest groups of Inverte-

brates, it becomes doubly interesting, and we are enabled to

draw several suggestive conclusions.

1. The muscles of the pilidium are metamor-
phosed pseudopodia.

The pseudopodia of the mesenchyme cells are the exact
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counterpart of the spin-threads sent out from the polar

bodies and from the blastomeres during segmentation. Some

at least of those spin-threads were contractile^ while these

mesenchyme spin-threads actually develop into typical

muscles. The same thread which at first exhibits a visible

streaming of its cytoplasm afterwards becomes contractile

and shortens just as visibly.

2. The transition from pseudopodinm to muscle-
fibre consists essentially in a striation or fibrilla-

tion of a portion of the cytoplasm, and the

gradual assimilation of the non-f ibrillated re-

mainder.
Such a striation of cytoplasm is nothing new. It has been

observed by Flemming and many others in the living cells

of cartilage, epithelium, connective-tissue and other animal

cells, in which the fibrillse form a sort of loose netwoi'k. It

has been seen by G. F. Andrews in living cells of many
Protozoa and Metazoa (4, 5), where it was plainly correlated

with contractile activities. In preserved material striation

is shown in the pancreas cells of Necturus (51) and in the

beautiful preparations of ciliated cells from Anodonta and
Cyclas (20).

But the very best examples are those given by Heidenhain

(24) of the radiating system of fibres in the leucocytes or

wandering cells of the salamander, and by Zimmermann (52)

of similar radiating systems in the pigment cells from the

epidermis of fishes. Here the cytoplasm not only becomes
fibrillar, but both authors believe it to represent the con-

tractile elements by means of which the cells change their

form and creep about (61).

In all these cases the cytoplasm becomes fibrillar inside
the cell, but that ought not to exclude the possibility of its

repeating this tendency outside the cell in the pseudopodia.

Conn states (17) that in the mesoderm formations of

Thalassema the cells which are budded off from the entoderm
near the blastopore do not become true wandering cells, but

are immediately transformed into muscles. Each muscle is
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unicellular, consisting of a cell body with a distinct nucleus,

and with muscle-fibres extending from it in two directions.

Here^ then, the branches become fibrous as well as the body

of the cell.

When the streaming movement necessary to the sending

out of spin-threads is stopped by contact with something, the

threads at once become striated. At first the striae are

hardly visible and some distance apart, but they rapidly

increase in size and distinctness until finally they occupy

nearly all the muscle strand. It seems probable that this

increase in fibrillation consists largely of an assimilation of

the non-fibrillated portion. During this transformation the

whole cell body is often conveyed out into the incipient

muscle sti'and, where it is converted into muscle fibrillte.

3. Fibrillation appears to start in a rearrange-

ment of the cytoplasmic reticulum, whereby its

threads, instead of forming an irregular network,

become parallel.

We can see how a streaming of the cytoplasm along the

spin-thread pseudopodium would help such an arrangement,

for the fibrillfe are longitudinal. Several other facts support

such an origin of muscle fibrillation. The familiar radiating

fibrillsB in the asters of dividing cells, when followed out-

ward, can be traced into the cytoplasmic reticulum, and

they are so continuous with its threads that it is impossible

to tell where the fibril ends and the reticulum begins, or vice

versa.

Again, the muscle fibrillae under favourable conditions can

be followed into the cell to which they are attached, and

terminate there in the cytoplasmic network, with which they

are so completely fused, that once more it is impossible to

tell where one ends and the other begins. Furthermore,

in a study of columnar epithelium it may often be noticed

that the cytoplasm in the outer zone of the cell has been

arranged in more or less parallel fibrillae along the long

diameter of the cell. No reticulum is visible in this part of

the cell except that formed by the fibrillae. In figures of
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ciliated epithelium given by Englemann (20) the fibrillae are

almost perfectly parallel, and not only correspond exactly in

number with the cilia, but are just opposite to them. We
can hardly escape the conclusion that the external cilia are

prolongations of the internal fibrillge. If so, then the

difference between cilium and muscle-fibre is that the former

consists of a single fibrilla, while the latter is made up of

several bound together.

Finally the fibrillae, when they first appear, are not upon
the surface of either cell or spin-thread, but are distributed

throughout their substance. Hence they cannot be regarded

in any sense as "surface secretions," but are more inti-

mately associated with the cytoplasmic structure. If not

formed by a rearrangement of the reticular network, they at

least bear the same relation to the i-emainder of the cytoplasm

that such threads would.

4. The first contractions of the changing pseu-
dopodia represent the combined action of all

cytoplasmic energy, pulling in a single definite

direction instead of in different directions.

Originally the cytoplasm possesses perfect internal mobility,

and its first movements are amoeboid in character. Then
follow spinnings, or the putting out and withdrawal of pseu-

dopodia in different directions. Some of these become per-

manent, and the whole contractile energy of the cell is then

concentrated upon them. As the cytoplasm is pushed out

farther and farther it becomes more and more limited in

the direction of its movement. And when the pseudopodia

are once fastened and fibrillation has begun it can move only

in one direction, along the axis of the pseudopodia.

The energy which is at first expended in different direc-

tions, some of them antagonistic to others, becomes concen-

trated along the axis of the pseudopodium. Hence the

resultant cytoplasmic contractions gain as much in strength

and rapidity as they lose in mobility, and become capable of

producing what we call a muscular contraction. The initial

contractions are noticeably weak, and the intervals between
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them are longer than in later development, but they do not

stop here.

5. The muscle-fibres thus formed increase both

in size and contractile power through exercise.

When first formed the fibres are simply fibrillated pseudo-

podia of single mesenchyme cells, hence all their substance

must come from this one cell. And yet there is a perceptible

increase in the size of the fibres, even after the entire body

of the cell has gone out into them. This increase is most

rapid and hence most apparent in those muscles which are

most often contracted, e. g. the apical and circumoral

muscles.

The increase in strength is admirably shown in the lappet

muscles, each of whose single fibres scarcely shortens at all

in its initial contractions. But after several days' develop-

ment it can contract so vigorously as not merely to shorten,

but also to assume the characteristic corkscrew shape.

6. Fibrillation and the consequent change from
potential to kinetic contractility occurs only after

the pseudopodium has attached itself to something
outside the cell.

We found the same thing true of the spin-threads sent out

by the polar bodies and the segmenting blastomeres.

The simplest explanation of this fact is that the constant

movement of the cytoplasm in pushing out the spin-thread

prevents contraction, but as soon as spin-thread or pseudo-

podium becomes attached the flow ceases, fibrillse appear, and

contraction ensues.

It is worthy of note that the nature of the contractions

depends somewhat on the kind of attachment. When
attached to a cell of the pilidium wall the contractions in

the resultant muscle-fibre are like those of ordinary muscle.

When threads from two cells anastomose without becoming

attached to anything else, they contract in rhythmic pulsa-

tions like cardiac muscle.

This rhythm is shown even better in the muscles formed

from mesenchyme cells in the veliger larvse of certain nudi-



HABITS, ETC., OF OEREBliA'l'ULUS LAOTEUS. 179

branch molluscs, and has been described elsewhere (49).

Finally, in those cells where the cytoplasm becomes fibrillar

without forming any connection at all outside the cell, as

in ciliated epithelium, the contractions are in the form of

rhythmic vibrations.

Sometimes it happens that the pseudopodia from two cells

which have anastomosed, and have been contracting in

rhythmic pulsations, become attached later to the pilidium

wall. In such a case the nature of the contractions also

changes, and they cease to be rhythmic, and become in all

respects like ordinary muscle.

Histology.

Methods.—A pilidium larva is nearly as hostile to preser-

vation as the medusa to which it is often compared. After

a trial of many different preservatives the best was found to

be platinum chloride, used either alone or in equal parts

with acetic acid. Corrosive acetic can also be recommended,

but is exceptionally difficult to wash out of the tissues.

For staining, Delafield's haematoxylin, followed by eosin or

Orange G, gives good differentiation.

Blastula.—A segmentation cavity appears very early, and

increases until the blastula consists of but a single layer of

cells surrounding this cavity. These cells are elongated at

right angles to the surface of the blastula, and vary greatly

in size and shape, so that they project unequally into the

central cavity, making the inner surface very rough.

The cells at the inferior pole are longer and narrower than

the superibr ones, so that there is thus early a differentiation

into ectoderm and entoderm. The nuclei are spherical,

comparatively large and uniformly granular; they are nearly

always excentric in position, being much nearer the external

end of the cell. The cytoplasm contains so much yolk

material as to be opaque at first, but clears rapidly and
becomes transparent enough to show the central cavity

before gastrulation (fig. 55).
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This cavity contains one or more loose cells whicli have

been given off from the entoderm cells where they join the

ectoderm. The loose cells are mesenchyme, and so far as

observed none of them originate from the ectoderm.

Gastrula.—As soon as the cells begin to multiply for

invagination and the formation of the intestine they become

equal in size, and their inner ends are evened. The mesen-

chyme still continues to come off from the entoderm, and the

latter is now clearly differentiated from the ectoderm (fig. 69).

The ectoderm consists of a single layer of epithelium.

On the aboral surface it is a pavement epithelium made up

of cubical cells, which are small at the superior pole, grow

larger toward the equator, and then grow smaller near the

border of the oral surface. By a comparison of different

stages Ave find that the cells around the apical plate are the

first to become transparent (fig. 70). Large clear spaces

like vacuoles appear in these cells ; but they are not empty

spaces, for they react to stains in the same way as the

gelatine which fills the body-cavity. These spaces gi^adually

extend down toward the oral surface, until by the time the

lappets are formed they can be found in every cell of the

aboral ectoderm (fig. 73). In individual cells they are at first

spherical, but quickly elongate parallel with the ectoderm

surface. Then together with the cells they increase in area

at the expense of their thickness, leaving the nuclei em-

bedded in cytoplasm on the inner border of the cells.

The oral ectoderm is much thicker, and composed of

cylindrical cells in which no clear spaces can be seen. These

cells have larger nuclei than those in the aboral ectoderm,

and ai'e more active. From them are developed the lappets,

the cilia row which surrounds the edge of both oral surface

and lappets, and the invaginations which form the amnion

and the ectoderm of the adult Nemertean (13).

The entoderm is much thicker than the ectoderm, but

consists of a single layer of cells, cylindrical in form and

similar to those of the oral ectoderm. They are more

irregular in shape and overlap somewhat, so that they give
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in some sections the appearance of a double layer. They
retain their large blastula nuclei, and are quite active; they

also remain opaque, with the exception of those on the

anterior wall of the oesophagus, which are cleared in a

different manner.

The Pilidium.

The aboral ectoderm, which was a pavement epithelium

in the gastrula, has now become typically squamous, the

cells being strongly flattened. As the cells increase in

superficial area they lose the rounded form of the gastrula

and become more and more angular, until they finally assume

an irregular four- to six-sided form. The number of the cells

remains practically constant, except at the border of the oral

surface.

These facts, compared with the increase of clear areas in

the gastrula, show that the pilidium grows largely, if not

wholly, by a flattening of the aboral cells. The aboral "um-
brella," as it is called, is simply a protective covering for

the young embryo, to be thrown away at the time of meta-

morphosis. Hence its cells, when once formed, remain until

final dissolution, simply flattening more and more to give the

necessary increase in size. Sometimes the flattening is carried

so far in the old pilidium that the body of the cell becomes

thinner than the nucleus, and the latter bulges out into the

body-cavity. Meanwhile the clear spaces have increased until

they occupy nearly all the cell, leaving but little cytoplasm

around the nucleus (fig. 72). The thinning and clearing of the

ectoderm, combined with the "glass-clear" gelatine between

ectoderm and entoderm, gives the pilidium great trans-

parency. But we should not expect the individual cells to

be held together very firmly, since they are in contact only

along their thin edges, and hence they pull asunder easily

under irritation.

But the oral ectoderm takes an active part in the develop-

ment of the future Nemertean, and it is the only ectoderm

except the apical plate that shows karyokinetic figures.
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Its cells ai*e smaller, but the nuclei are about the same

size, and not being flattened the cells are held together

more securely.

Both oral and aboral ectoderm are thickly covered with

fine cilia, which are longer and stouter at the apical plate

and the cilia row.

The apical plate is an invaginated thickening of the

ectoderm. Metschnikoff regarded it "als eine Art indif-

ferentes Gehirn," and the fibres going from it as a nerve

commissure (36).

Biitschli later maintained that the fibres must be regarded

as muscle, and that it was doubtful whether this plate really

was the central organ of the nervous system (11).

Salensky considered Metschnikoff's assumption probable

from a morphological standpoint, since the apical plate can

be regarded as the homologue of that formed in the trocho-

phore larva. But he added that it was unlike this in its

simpler form, and it takes no part in the formation of the bi'ain,

and hence must be regarded as a rudimentary plate (45). He
then gives the first, and, as far as known, the last account of the

histological structure of the plate, closing with these words :

" The question as to the nature of the bundle (of fibres con-

nected with the plate) must be settled by a study of the

development history of the plate and the fibres." We have

just given the development history of the fibres, and have

found that they are undoubtedly muscle. The plate originates

in two or more cells found near the apical pole in a median

section of a blastula. These cells stain more deeply than the

others, and occasionally show karyokinetic figures (fig. 69) ;

otherwise they are like the remaining ectoderm cells. But

they divide and subdivide actively at right angles to the

surface of the blastula and form a group of cells, one layer

thick, a little anterior to the pole on the median line.

The cells are cylindrical in form, and of the same diameter

throughout. Their nuclei are small at first, but become

relatively large as the cells diminish, and are always situated

close to the inner end of the cell. Their cytoplasm is more
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compact, and hence not quite as transparent as the rest of

the ectoderm. These plate cells divide slowly but steadily,

while the surrounding ectoderm cells do not divide at all

;

hence they are pressed inward as an invagination into the

body-cavity. Neither this invagination nor that of the intes-

tine is quite symmetrical, the former being inclined toward

the anterior end of the pilidium, and the latter toward the

posterior end. As they invaginate the plate cells become

smaller and more conical or wedge-shaped, the bases pointing

inward toward the body-cavity (fig. 70). These changes pro-

ceed slowly, so that for two or three days the plate projects

but slightly into the central cavity as a rounded swelling

(fig. 71). But it grows more and more convex, until it ac-

quires a thimble or nipple shape by the sixth day.

In preserved specimens the apical muscle is usually con-

tracted, and the thimble is pulled out into a cone, and by

comparing longitudinal with transverse sections it can be seen

that the cone is nearly symmetrical in outline (cf. figs. 72

and 73).

A median section shows that the plate is composed of small,

crowded conical cells, whose bases show through the ecto-

derm as distinct circles (fig. 74). The cells are shorter around

the margin and longer toward the centre, each containing a

large spindle-shaped nucleus and sometimes a highly refrac-

tive nucleolus.

Both cells and nuclei stain more deeply than the adjacent

ectoderm, showing a corresponding difference in their ac-

tivity.

The outer ends of the nuclei are usually pointed, and some-

times prolonged into a short, slender, thread-like process

(fig. 76) ; but the inner ends are not so prolonged as Salensky

has figured for Lineus (45), they are well rounded and plump.

A muscle fibril connects with the inner end of each of the

cells near the centre of the plate, but not with those toward

the margin. These fibrils can be seen to enter the plate

through the structureless membrane which covers the whole

plate, and are lost sight of in the substance of the cytoplasm.^
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If Salensky's figure be compared with this one of Cere-

bratulus (fig. 76) it will be noticed that in his figure (45,

fig. 8) the plate is pulled in so far that fully one half the

depression is formed of aboral ectoderm. Whether this is a

normal condition in Lineus I am unable to say, but 1 have

found a similar condition in Cerebratulus only when the

apical muscle was strongly contracted. If this were true in

Lineus the separate fibrils of the apical muscle when con

tracted would naturally pull out the inner ends of the cells

to which they were attached, and may have produced the

apparent prolongation.

The long stout cilia arise in bunches of four to six, from

near the centre of the outer ends of the cells (fig. 76). Near

the border of the plate they are finer and shorter than at

the centre.

In life they are gathered into a compact bundle, looking

like a single large flagellum, but in preserved specimens

they are always separated and usually broken (cf. figs. 10

and 74).

Both surfaces of the plate are covered by a fine structure-

less membrane, through which cilia and muscle fibrils pass.

There are usually iu the angle between the plate and the

ectoderm mesenchyme cells whose function is unknown.

They are yellowish or sometimes dark brown in colour in the

living larva, and no processes can be detected coming from

them. It is possible that they may be of the same nature

as the so-called " eye-spots " of annelid larvae, but this could

not be determined.

The plate, therefore, is developed from ectoderm cells,

which are smaller in size, less transparent, bear longer and

more sensitive cilia, and whose nuclei are relatively larger,

but which are otherwise undifferentiated from the remaining

ectoderm.

None of these things necessarily indicate the formation of

anything like nervous tissue; and, in view of the fact that

the fibres connected with the plate are undoubtedly non-

nervous in origin, structure, and function, we must conclude
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that in Cerebratulus there is no nervous tissue in or

connected with the apical plate. This plate differs

from its morphological homologue in annelid larvae in being

made of a single layer of undifferentiated ectoderm instead

of containing two layers more or less modified. In the tro-

chophore the plate contains nervous tissue, which afterwards

develops into the supra-oesophageal ganglion of the adult

;

in the Cerebratulus pilidium the plate is thrown away with

the rest of the aboral ectoderm during metamorphosis, and

we find no trace of any nerves at all.

The Cilia Rows.—These are rows of large cilia running

along the border of the oral surface and around the edge of

the lappets, and they are the chief organs of locomotion.

We can distinguish ectoderm wall cells, cilia cells, and a

well-developed locomotor muscle system (fig. 75).

The ectoderm cells are similar in structure to other ecto-

derm, but increase in thickness as they approach the cilia

cells, those on the aboral surface being thicker than the oral.

Hence the upper border overhangs the under one, and acts

as an organ of protection to the cilia, as noted by Salensky

(45).

The cilia cells are smaller than the wall cells, and are

arranged in three rows between the latter along the extreme

edge of the lappets. They are wedge-shaped or pyramidal,

with their apices turned inward. Their cytoplasm and nuclei

are similar to those of the apical plate, and they are also

covered on the exterior with a structureless membrane,

through which the cilia pass. The latter are distributed over

the entire surface of the three rows of cells, but show a ten-

dency to gather in bundles. On the inner surface of the cilia

cells, and between the wall cells, lie the locomotor muscles (fig.

77). These consist of a strong muscle band and of scattered

mesenchyme cells. The band is made up of stout parallel

fibres, which originate in the mesenchyme cells and termi-

nate in the cilia cells (fig. 79). It is continuous with the

circumoral muscle both anteriorly and posteriorly (fig. 77),

and stains deeply with hsematoxvlin. It thus corresponds
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exactly with the ring of muscle fibres and cells which lie at

the base of the ciliated band in the trochophore larvae.

The cells are small, and look like micromeseucytes, except

that they are mostly unipolar, the single pole giving off a long

fibrous process. The row of cells can be followed from the

lappets around the border of the body, but the muscle band

blends with the circumoral muscle, and loses its indi-

viduality.

This locomotor muscle lies in exactly the position assigned

by Salensky to the " nerve-ring/' fig. 79 is almost identical

with fig. 4 of his description. But we have called them

muscle for the following reasons. Salensky states that " the

nerve-ring passes along the cilia row, and thus becomes the

homologue of the nerve-ring in the annelid larvae described

by Kleineuberg." But he fails to note that Kleinenberg also

describes a ring of muscle cells at the base of the ciliated cells,

which is used by the larva in locomotion (29).

If either of these sets of locomotor apparatus are to be

developed in so primitive a larva as the pilidium at the ex-

pense of the other set, the presumption is strongly in favour

of the muscle. We would scarcely expect to find the nerve

well developed, as Salensky claims, and no trace whatever of

the muscle.

Again, borax carmine, orange G, and hsematoxylin stain

these fibres exactly the same as the other pilidium muscles,

and no difference is perceptible in their structure or texture.

Another proof is that the cells whence the fibres originate

are exactly like those from which the radial fibres arise.

It has never been doubted that the latter are anything but

muscle cells ; they, too, are unipolar or multipolar, as Salensky

claims for the " nerve-cells," and his argument from form

would apply equally well to both. Finally, this strand is

continuous with the circumoral muscle (fig. 77), and if one

is nerve, the other must be also ; but if we concede that the

circumoral ring is muscle, then the strand must also be

muscle.

These facts, no one of which, perhaps, is sufficient alone,
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when taken together furnish strong evidence that the fibres

are muscle. Whether the strand also contains nerve-fibres

must remain an open question ; none can be seen, and

pilidiuras kept for days in water impregnated with methylene

blue showed no trace of coloration.

Anteriorly the cilia rows, in passing from the lappets to the

oral surface, invaginate in a large loop (fig. 82), which pro-

jects into the central cavity in the same manner as the apical

plate.

The two loops are composed of the same sort of cells as

the rest of the cilia rows, and appear undifferentiated. They
appear about the sixth day, and increase in size up to the

eighth or ninth day, after which they remain unchanged

as long as I have succeeded in keeping any larvge—about six

weeks.

I believe these to be the first pair of invaginations which

are to form the adult Nemertean, but, of course, have been

unable to prove the matter.

The Intestinal Canal.—In the mature pilidium this is

composed of two parts, each consisting of a single layer, and

well differentiated. At first the intestine is composed through-

out of large cylindrical cells, but as soon as the inner end
begins to turn down posteriorly the constituent cells begin

to differentiate. Those on the anterior and lateral walls of the

oesophagus fiatten out, increase in superficial area, and become
transparent in a very similar manner to the aboral ectoderm.

But the process is not carried so far, and the cells never

lose their vitality. The flattening is not uniform, so that the

cells grow thinner from the stomach toward the mouth, where
they pass insensibly into the oral ectoderm.

The posterior wall of the oesophagus is thicker, its cells are

smaller in area, more cylindrical in form, and do not become
as transparent. They are also depressed along the mid-line

into a shallow groove (fig. 82), which forms a channel for the

food particles.

The stomach wall is thicker than that of the oesophagus,

its component cells are larger and less transparent, and are
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of two kinds, distiiigiiished by the intensity with wliich they

are stained.

Wall -eel Is.—These are more numerous, are prismatic in

shape, and contain smaller nuclei. They do not stain very

deeply, and are evidently the true entoderm.

Gland-cells.—Between the wall-cells are others scattered

over the stomach, but most numerous at its anterior end

(fig. 80). They are larger than the wall-cells, and are flask-

shaped, with the narrow neck of the flask pointing inward,

while the rounded body contains a large nucleus. They stain

very deeply, and are evidently gland-cells as first stated by

Metschnikoff (33) and later by Blirger (13), and not nerve-

cells as claimed by Salensky (45).

The inner surface of both stomach and oesophagus is

covered thickly with fine cilia, which are slightly longer in

the stomach than in the oesophagus. At the base of the cilia

is another structureless membrane, covering the whole inte-

rior of the intestine.

At the junction of stomach and intestine is the lai'ge

sphincter muscle already described. It allows free passage

of food particles when relaxed, but closes the opening entirely

when contracted. Since the muscles are usually contracted

in preserved specimens, it often happens that sections are

obtained which appear similar to those given by Hubrecht

(25) ; but watching the living larva for a few moments is

sufficient to do away entirely with any idea that the stomach

ends blindly at both ends. At about the sixth day a swelling

is noted on the superior wall of the stomach posterior to the

pyloric valve. This develops into a shallow evagination

whose walls are made up of cells smaller and more crowded

than the adjacent stomach entoderm. But this evagination

was carried no further in the oldest pilidiums reared, and so

its ultimate purpose could not be determined.

Summary.— 1. A segmentation cavity appears very early,

and increases until the blastula consists of a single layer of

cells elongated at right angles to the surface and surrounding

this cavity.
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2. The ectoderm is a one-layered pavement epitlielium,

made up of cubical cells on the aboral surface and cylindrical

cells on the oral surface. The entoderm is also one-layered

and made up of cylindrical cells, but it is thicker and more

opaque than the ectoderm, and its cells overlap considerably.

3. The aboral ectoderm remains constant after being-

formed, and the increase in size is accomplished by a strong

flatteniug without cell division. This, together v^rith a

gradual clearing of the cell protoplasm, gives the pilidium

great transparency.

4. The apical plate is an invaginated thickening of the

ectoderm, made up of conical cells whose bases turn inward

toward tl^e body-cavity. The nuclei are pointed and some-

times prolonged into thread-like processes on the outer ends,

but are rounded and plump on the inner ends. The com-

ponent fibrils of the apical muscle connect with the inner

ends of all cells near the centre of the plate.

5. The long stout cilia which form the apical tuft arise in

bunches of four to six from the centre of the inner ends of

the cells, and in life are gathered into a central bunch which

looks like a single large flagellum.

6. The cilia cells, whence arise the large cilia running

along the border of the oral surface and around the edge of

the lappets, are arranged in three rows. The cilia them-

selves are given off in bunches from the outer ends of the

cells.

7. Just inside the cilia cells is a strong band of locomotor

muscle-fibres and scattered mesenchyme cells. A. careful

study of their origin and development, the development of

the plate itself, its histological structure and staining, all go

to prove that both fibres and cells are muscle, and that there

is no nervous tissue in the plate or connected with it.

8. The anterior wall of the oesophagus becomes partially

flattened and cleared in the same manner as the aboral

ectoderm, but the posterior wall retains its original thick-

ness. It is grooved along the mid-line to form a channel for

the food.
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9. The stomach walls contain numerous gland-cells, which

are flask-shaped, with the neck of the flask pointing inward.

The inner surface of both stomach and intestine is covered

with cilia, and at their junction is a large sphincter muscle

which controls the passage of the food particles and waste

material.

Addenda.

Since the foregoing went to the pinnter I have received an

article entitled " Development of the Pilidium of Certain

Nemerteans," by W. R. Coe.

This excellent paper discusses briefly the segmentation,

gastrulation, and pilidium stages in Micrura caeca, Cere-

bratulus Leidyi, and C marginatus.

Together with the present paper it was practically finished

before either author became aware that the other was work-

ing upon the subject. The close agreement in the results

obtained is all the more gratifying in view of their entire

independence.

I wish briefly to mention the following points :

1. In segmentation C. lacteus transposes the second and

third cleavage planes of the other three species, making the

second horizontal and the third vertical. Otherwise the four

agree in all essential features of segmentation and gastru-

lation.

2. While Coe has not given the development of the apical

plate and the muscular system in detail, it is evident from

his drawings that this development in both cases is almost

identical with that here given. The arrangement of the

parietal muscles, especially in Micrura c tec a, is somewhat

different from that in C. lacteus, as might be expected.

But the mesenchyme cells from which they are formed are

evidently smaller than those which form the other muscles,

and correspond to the micromesencytes in C. lacteus.

3. The statements in reference to the presence of nervous

tissue are wisely cautious, but it is easy to see that Coe does
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not put much faith in Salensky's interpretation (45). He
distinctly states (p. 253) that the so-called "nerve-cells'^ iu

the entoderm " are obviously nothing but glaud-cells, which

are partially filled with a deeply staining secretion and have

no sensory function whatever."

In all four of these species, without exception, the fibres

connecting the apical plate with the oral ectoderm are mus-

cular in origin. Also the elements which Salensky describes

as nerve-cells and nerve-fibres are found to stain easily with

common muscle stains, while they do not differentiate at all

with methylene blue or any other distinctive nerve stain.

This should make us somewhat cautious in accepting the

apical plate of the pilidium as an exact homologue of that in

the trochophore larva of Annelids.
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EXPLANATION OF PLATES 9—11,

Illustrating Mr. Chas. B. Wilson's paper on " The Habits

and Early Development of Cerebratulus lacteus

(Verrill)."

Key to Letters,

am. A|)ical muscle, ant. Anterior invagination, bv. Blood-vessel, c.

Intestinal caeca, cc. Cilia cells, cm. Circular muscles, com. Circumoral

muscle, ct. Connective tissue, dvm. Dorso-ventral muscles, ec. Ectoderm.

en. Entoderm, gc. Gelatine cell. glc. Gland-cell, gr. Groove for food. im.

Interparietal muscle, lam. Lappet muscles. Im. Longitudinal muscles.

lorn. Locomotor muscles, o. Ovary, ce. (Esophagus, pm. Post-oesophageal

muscle, s. Stomach, sc. Sperm mother- cell. /, Testis, wc. Wall-cell,

yc. Yolk-cell.

PLATE 9.

Fig. 1,—Ceiebratulus swallowing a Nereis five minutes after dismembering

the posterior half of its body. Photograph from preserved specimen, one

eighth life size.

Fig, 2,—Cerebratulus with regenerating papilla. Photograph from life,

one eighth life size.
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Fig. 3.—Male (left) and female (right) Cerebratulus, the latter showing

normal anal papilla. Photograph from life, one eighth life size.

Fig. 4.—Cerebratulus with proboscis siieath cut open to show how the

proboscis is coiled when withdrawn. Photograph from preserved specimen,

one eighth life size.

All the remaining figures, with the exception of Nos. 11, 53, 54, and

59, have been drawn with a camera lucida on a Leitz microscope. The

magnification is indicated by giving the Leitz numbers of the eye-piece

and objective used. The figures have then been reduced one half in

making the plates.

Fig. 5.— Gastrula, showing shape and arrangement of ectodermal cells and

beginning of cilia rows. 3 and 7.

Figs. 6 and 7.—Successive stages in the process of escaping from the egg

membranes. 3 and 3.

Fig. 8.—Gastrula just escaped fi'om the membranes, tiiirty-eight hours old.

Cilia and flagella drawn the exact length seen. 1 and 7.

Fig. 9.—Larva forty-eight hours old, first stage in formation of apical

muscle. 1 and 7; tube drawn 60 ram.

Fig. 10.—Same, fifty-four hours old, second stage; side view.

Fig. 11.—Same, ninety-six hours old, third stage. Zeiss camera lucida,

magnified 575 diams.

Fig. 12.—Same, 108 hours old, fourth stage; end view. 1 and 7; tube

drawn 60 mm.

Fig. 13.—Same, 120 hours old, fifth stage; side view, showing apical muscle

attached to dorsal wall of cesophagus.

Fig. 14.—Same, six days old, sixth stage, showing apical muscle divided

and extending down on either side of the intestine to fasten to the oral surface

anterior to the mouth. This figure shows also interparietal, post-oesophageal,

and circumoral muscles.

Fig. 15.—Same, ten days old, seventh stage. Apical muscle fully de-

veloped
;
post-cesophageal muscle forming a triangular sheet ; radiating lappet

muscles well developed.

Fig. 16.—Same, twelve days old; surface view showing parietal muscles.

Fig. 17.—Transverse interparietal muscle attached to apical plate, from

larva six days old. 1 and 7-

Fig. 18.—Eggs taken from ripe ovary and examined before they have

touched any water. 3 and 3.

Fig. 19.—Same after immersion in salt water three minutes.

Fig. 20.—A ripe, freshly laid ovum, unfertilised, showing membranes and

attachment protuberance. 1 and 7.
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Tig. 21.—Transverse section of a regenerating papilla very near its

posterior end, showing ventral grooves and beginning of the lateral nerve-

cords. 1 and 3.

Fig. 22.—Same farther forward, showing lateral nerve-cords migrating

toward their normal position.

Fig. 23.—Same still farther forward ; nerve-cords nearly in their normal

position, and circular muscles well developed.

PLATE 10.

Fig. 23«.—Fertilised egg, showing flattening of the superior pole previous

to the giving off of the polar bodies. 1 and 7.

Figs. 24—36.—Maturation of the egg and formation of the polar bodies,

with the beginning of filose activities. 1 and 7, tube drawn 60 mm. These

drawings are all from the same egg, and were taken at the following intervals:

—

11.05 a.m., 11.065, 11.08, 11.21, 11.216, 11.22, 11.228, 11.235, 11.24,

11.27, 11.28, 11.335, and 11.40.

Fig. 37.—A second egg, showing abnormal activities during completion of

the polar bodies. 1 and 7 ; tube drawn 60 mm.

Fig. 38.—A third egg with unequal papillae and slightly abnormal activities.

Magnification the same.

Fig. 39.—Egg with polar bodies pressing against the inner membrane and

bulging it outward. 1 and 7 ; tube drawn 60 mm.

Fig. 40.—Polar bodies of egg shown in Figs. 24—36, taken at 11.36.

3 and 7 ; tube drawn 60 mm.

Fig. 41.—Same, first polar body at 11.17.

Fig. 42.—Polar bodies and sperm at beginning of first segmentation.

3 and 7.

Fig. 43.—Same at close of first segmentation.

Fig. 44.—Polar bodies during 64-cell stage. 3 and 7 ; tube drawn 60 mm.

Fig. 45.—Same in 128-cell stage.

Figs. 46—50.—First segmentation, showing filose activities of polar bodies

and blastomeres. All figures from the same egg at the following intervals :

—

12.06 m., 12.065, 12.09, 12.11, 12.16. 1 and 7 ; tube drawn 60 mm.

Fig. 51.—Egg in which blastomeres were almost entirely separated, and

in which they showed perceptible motion during flattening. Same magnifica-

tion.

Fig. 52.—Same egg as in Figs. 46—50, in the 4-cell stage (12.30). Central

opening crossed by spin-threads.

Fig. 53.—Four-cell stage, toj) view. Enlarged from a camera lucida sketch

of living egg.
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Fig. 54.—Eight-cell stage, showing dextral twisting of the upper cells.

Enlarged from camera lucida sketch of living egg.

Fig. 55.—Blastula with differentiated ectoderm and entoderm, and mesen-

chyme cell separating from the latter. 3 and 7, from a preserved and mounted

specimen.

Fig. 56.—Section showing nuclear spindle parallel with surface subsequent

to giving off of first polar body. 3 and 3.

Fig. 57.—Same with spindle diagonal after extrusion of second polar body.

Fig. 58.—Same with segmentation spindle for first segmentation.

Fig. 59.—Sperms, enlarged from camera lucida sketch, cf. Fig. 42.

PLATE 11.

Fig. 60.—Longitudinal horizontal section of a regenerating papilla, showing

formation of sexual pouches and intestinal cseca; anus terminal. 3 and ToUes

1-inch objective.

Figs. 61 and 62.—Longitudinal horizontal sections of male and female;

immature genital pouches scattered through the connective tissue. Killed in

April. 1 and 3.

Fig. 63.—Transverse section of female killed in April, showing relation of

developing egg-pouches to inner longitudinal muscle layer. 3 and 3.

Fig. 64.—Portion of immature ovary from Fig. 62, enlarged to show

method of egg development. 1 and 7.

Fig. 65.—A single egg pouch of Fig. 62, enlarged to show egg cells, yolk

cells, and glycerine cells. The walls are formed from connective tissue.

1 and 7.

Fig. 66.—A single sperm pouch of Fig. 61, enlarged to show formation of

sperm mother-cells. The connective tissue here extends into the pouch, and

the sperm cells are supported upon it. 3 and 3 ; tube drawn 60 mm.

Fig. 67.—A small portion of Fig. 66, enlarged to show the way in which

the sperm cells are borne on the mesoderm strands. 3 and 7 ; tube drawn

60 mm.

Fig. 68.—A single sperm pouch magnified still farther to show transfor-

mation from sperm mother-cells into sperms. 3 and one twelfth oil immer-

sion.

Figs. 69—73.—Vertical sections of a late blastula and four gastrulas in

different stages of development, showing the origin and development of the

apical plate, the formation of mesenchyme cells, and clearing of ectoderm. 1

and 7 ; tube drawn 60 mm.
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Fig. 74.—Longitudinal vertical section of pilidium ; apical plate fully

developed with apical muscle attached ; aboral ectoderm much flattened and

perfectly transparent ; oral ectoderm thicker, more opaque, and beginning to

invaginate anteriorly ; micromesencytes scattered over the inner surface of

both ectoderm and entoderm. 1 and 7.

Fig. 75.—Transverse section of lappet ; three rows of cells bearing long

cilia; locomotor muscles. 3 and one twelfth oil immersion.

Fig. 76.—Longitudinal section of apical plate, showing arrangement of

flagella in bunches and the connection of the muscle-fibres. 3 and one

twelfth oil immersion.

Fig. 17.—Longitudinal vertical section through the lappet, the oesophagus

wall, and the stomach. The locomotor muscle band {lorn.) is here seen to be

continuous with the circumoral muscle {com,). 3 and one twelfth oil

immersion.

Fig. 78.—Longitudinal vertical section of the lappet through the wall cells

of the cilia rows, with a portion of the locomotor muscle band and the mesen-

chyme cells forming the radial muscles of the lappets. 3 and one twelfth oil

immersion.

Fig. 79.—Longitudinal vertical section as in Fig. 77, showing the locomotor

muscle baud composed of cells and fibres. 3 and one twelfth oil immersion.

Fig. 80.— Longitudinal vertical section of stomach, showing ordinary ento-

derm and gland cells. 3 and one twelfth oil immersion.

Fig. 81.—Same as Fig. T7, but showing more plainly the row of mesen-

chyme cells which form the radial lappet muscles.

Fig. 82.— Longitudinal horizontal section just above the mouth, showing

the two anterior invaginations with mesoderm attached ; the walls of the oeso-

phagus with a central groove posteriorly for the food particles. 3 and 8 ;

tube drawn 60 mm.
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On the Reaction of Daphnia magna (Straus)
to certain Changes in its Environment.

By

Ernest IVai'i'cii, D.Sc,
University College, London.

Foe some years I have been engaged in breeding Daphnia
magna (Straus)^ for the purpose of obtaining data Avhich

would be of value in testing the current theories oE heredity.

The investigation has led me to a series of experiments on

the action of common salt, and on the effect of a confined

volume of water on this animal. Some of the results seem

to present certain features of considerable interest and of

wide biological significance ; they illustrate how closely the

organism is knit to its external conditions of life.

It will be best to give here a brief epitome of some of the

results.

In the first place it will be shown that the times of killing

with varying strength of solutions of sodium chloride are

between certain wide limits ("9 per cent, to 6'0 per cent.),

well repi'esented by a rectangular hyperbola. The modifica-

tion induced by varying temperature is then discussed.

The physiological condition of the animal at the time of

immersion into the salt solution is shown to have an enor-

mous effect on the resisting power. From the results ob-

tained an antagonism between excessive vegetation and

animal life was surmised. In a foot-note to the description

of the experiment it is suggested that the observed injurious

effect was due to the green light and the shading caused by

VOL. 43, PART 2.—NEW SERIES. V
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the plants. Since this was wi-itten some experiments have

been made which point to the conjecture being correct. At

the present time I am engaged Avith the subject, but the

following results seem to be appropriate here.

Newly hatched Daphnia were placed in five glass capsules,

each of which was put in a shallow box.

The first box was covered by a sheet of ground glass.^

Second box by a flat glass dish containing a solution of

fuchsin in spirit. (Spectroscopically a pure red.)

Third box by a sheet of Chance's pot-green glass (trans-

mitting a trace of blue green).

Fourth box by (1) a sheet of cobalt-blue glass, on the

top of which was placed (2) a flat glass dish containing a

diluted solution of ammoniated copper sulphate (perhaps

transmitting a trace of red).

Fifth bos was made light-tight.

Two broods of Daphnia were taken, and an individual from

each brood was placed into each glass capsule. Thus there

were two individuals derived from two broods in each cap-

sule.

A second series of chambers was prepared, and three in-

dividuals from three broods were placed in each pot. The

animals Avere constantly supplied with fresh Avater and mud.

After a certain period the animals Avere measured by an ocular

micrometer; the dimension taken was the total length of the

body excluding the spine (see fig. 3, a, b).

The results of the experiment are given in the following

table

:

^ With two pieces of grouiul glass the intensity of the white light is very

much reduced. The effect on the Daphnia, however, was practically the

same, hence the results observed are not simply due to the varying intensity,

but to the wave-length of the light.
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tion ; also it would seem as if the water becomes so changed

in character as to be specifically injurious to Daphnia.

I. The Reaction of Daphnia magna to Different

Strengths of Solutions of Sodium Chloride.

The Daphnia experimented with were taken from a large

tank (3 X 4^ x 1 j ft.), facing a south-east window at University

College, London. The tank contained a luxuriant growth of

Vallisneria, and a constant sIoav current of water was main-

tained. Some two years previously the tank had been

stocked from various sources. During the winter the water

was kept at a temperature of about 17° C. by a small gas-

ring fitted below the tank.

It was found that a Daphnia placed into a solution contain-

ing above 1 percent. NaCl soon becomes uneasy and agitated,

and that after a certain time it may turn several somer-

saults in the water (sudden exposure to a strong light some-

times causes the same phenomenon), and then it sinks to the

bottom of the vessel. After this the animal may make

several feeble attempts at swimming, but it is soon exhausted.

The heart continues to beat, and the antennee and limbs to

move for a considerable time, and in the weaker solutions

(0"7 per cent., 0'9 per cent., I'O per cent.) this may go on for

hours. If after the last trace of movement has ceased the

Daphnia be placed in fresh water the animal may recover,

and after about ten minutes feeble movements of the heart

and limbs may be observed. The Daphnia may recover com-

pletely and breed, or it may swim about for a few hours and

then die. The condition when movement has ceased may be

termed salt-rigor.

1. The Rate of Killing as a Function of the Strength

of the Solution, the Temperature remaining Con-

stant.

The first point to investigate was the time at which salt

rigor occurred, using different strengths of solutions but a
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constant temperature. A solution containing a definite per-

centage of salt was taken and five Daphnia were simultane-

ously placed in it, and the time elapsing before tlie last

flickering movements of tlie limbs stopped was noted. Some
of the animals were found to succumb much quicker than

others. This experiment was performed five times with the

same strength of solution. Thus the longest period recorded

out of the five trials was the time in which all the animals out

of the twenty-five had either died or passed into the condi-

tion of salt-rigor. The twenty-five Daphnia were treated in

detachments in this way, because it was found impossible to

examine with suflEicient exactness and speed more than five

individuals.

The results are summed up in the following table

:

Table I.—Daphnia magna from the tank at Univer-

sity College, London, October, 1897. Tempera-
ture during experiments = 21° C.

1

Percentage
ofN«CI.
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This curve is represented in the accompanying diagram

(Fig. 1). Between the limits of 0'9 per cent, and GO per

cent, solutions the curve is well represented by a rectangular

hyperbola, and we have the relation T(.t— 8) = constant,

where T = the time of killing, and x = the strength of salt

solution between the limits of the 9th and GOth units.

The relation may be shown in a tabular form thus :

'J^BLE II.

Solution of
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and pi'essure with the rate at which the solution acts on

Daphuia, i.e. the rate at which the molecules of salt strike

the animal.

2. The Rate of Killing as a Function of Tempera-
ture, the Strength of the Salt Solution being
kept Constant.

Some observations were made on the effect of temperature

on the rate of killing. TG per cent, and 2 per cent, solutions

were employed. The results are given in the following

table :

Table III.

1-6 % NaCl.
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about ten minutes) heating the water in which the Daphnia

were placed.

The ends of the temperature curves in the neighbourhood

of 33° C. and 35° C. give no indication of being influenced

in any way by the approaching point of heat -rigor. Clearly

the curves would end practically abruptly against the verti-

cal through this point. The temperature at which heat-

rigor occurs introduces a new order of things^ which is

probably distinct from the influence of temperature in

accelerating the time of salt-rigor.

/^ 3. The Effect of the Physiological Condition of

the Animal on the Rate of Killing.

It was noticed by repeated trials that out of a number of

Daphnia taken from the tank and placed into "2 per cent.

NaCl some 75 per cent, died in 4 days. The individuals

which survived were removed and placed separately in tum-

blers of fresh water, and broods were obtained. When the

offspring had grown up they were put into '2 per cent. NaCl,

and it was found that all the individuals survived 4 days'

immersion. These individuals had been bred in a fairly

constant temperature of 20° C. The question now to answer

was, whether this strong resisting power was inherited from

the parents, or whether it was due to the change in the

conditions of life. That is the change from living in the large

tank to living in clean tumblers, and so under different con-

ditions with regard to food, light, temperature, etc. The

following observations show that the latter alternative is quite

sufficient to account for the result.

The tank in which the Daphnia were living had become

choked with the luxuriant growth of Yallisneria, and it was

noticed that the Daphnia were dwindling in numbers. On
the morning of November 23rd most of the Vallisneria Avas

removed. In a few days the Daphnia were visibly increasing

in numbers, and in about three weeks there Avas quite a swarm.

Soiue of these Daphnia were now put into "2 per cent. NaCl
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and none diecl^ while 75 per cent, of the Daphnia taken out

of the tank a few days previously died in four clays.

Previous to the removal of the plants all the Daphnia

(except in one case where an individual survived and bred)

immersed into '5 per cent. NaCl died in thirty- six to forty

hours; but two days after the removal most of them lived

for ninety-six hours, while some survived and produced

young. During the following three weeks sets of ten indi-

viduals were repeatedly put into "5 per cent. NaCl^ and the

time when 100 per cent, had succumbed was noted. Tlie

results are given in the accompanying table.



210 ERNEST WARREN.

health of the auimals reached a maximum. The resisting

power to the salt at this period was very great. Gradually

as the tank became crowded, the poisoning effect (further

evidence of this will be adduced later) of the close proximity

of large numbers of animals of the same kind came into

force. The Daphnia became sickly, and the resisting power

to the salt sank very low. This view is supported by the

further behaviour of the animals in the tank ; the crowd

of Daphnia died off, and after about a month only a com-

parative few remained.

4. Experiments on the acclimatisation of Daphnia
magna to sodium chloride.

a. History of the Y Family.

October 19th.—Five individuals from the tank were placed

into '2 per cent.

27th.—There was one survivor (= Y), and this had pro-

duced a brood (= Y a). Y and Y a were now placed into

"5 per cent, solution.

November 3rd.—Ova appeared in the brood pouch of Y,

and they became red by the action of the salt. This proves

that the salt has a distinct chemical action, and that the

phenomena observed are not to be referred to merely the

density of the medium.

15tli.—Y, Y a, Y ao were put into '55 per cent, solution.

18th.—Y dead.

24th.—All the animals dead.

j3. History of the X Family.

October 19th.—Five Daphnia from the tank were placed

into "5 per cent, solution.

21st.—All five animals were dead, but a newly born indi-

vidual was alive and well. This was placed into a fresh

tumbler of '5 per cent., and labelled X.

November 1st.—X produced a brood Xa ; two individuals

of this brood were placed into fresh water to act as a control.



CHANGES IN ENVIRONMENT OE DAPHNIA MAGNA. 2ll

The X family was living in 200 c.c. of solution, and 1 c.c. of

1 per cent, solution was now added on alternate mornings.

4tli.—Eggs in brood pouch of X reddish,

8th.—Xand X a were put into "525 per cent, solution.

11th.—The eggs in brood pouch of X had become of the

ordinary dark colour.

15th.—X, X a, X tto were put into "55 per cent, solution,

and no addition of salt was now made.

18th.—X apparently well; the broods X a and X cto were

very slow in growing; the largest were not more than half

the size of the two control individuals which had been placed

into fresh water on November 1st. One of these two control

animals had produced two young on November 16th.

23rd.—All dead ; the controls were perfectly healthy.

Thus in both the X and Y families it was not found possible

to acclimatise the animals to a solution above '55 per cent.

NaCl. The gradual increase in salinity from 'b per cent, to

"55 per cent, during a fortnight proved to be too rapid to

affect a thorough acclimatisation to '55 per cent. It is very

doubtful whether acclimatisation per se could be carried

much beyond this.

5. Does acclimatisation to a certain strength of

solution increase the resisting power to a solution

containing a higher percentage of salt?

Suppose an animal has been acclimatised to a certain solu-

tion of salt, say a per cent., and is then plunged into an x

per cent, solution, where x is greater than a, the question

arises whether the x per cent, solution would act on the

acclimatised animal like an x-^a per cent, solution on an

ordinary Daphnia from the tank.

Thirty Daphnia ^ were taken from the tank and gradually

acclimatised (taking seventeen days in the process) to "25 per

cent, solution. None of the Daphnia died in the process.

1 This was at the period when "2 per cent, solution killed 75 per cent, of

the auiiuals in four days.
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Thirty other Daphnia from the tank were made to live

under exactly similar conditions as the animals being accli-

matised, except that no salt was added to tlie water. These

individuals were for the purpose of actiug as a control.

(1) Ten apparently healthy acclimatised Daphnia and ten

control animals were plunged, into separate tumblers of 1 per

cent, solution. The acclimatised individuals "died" in eigli ty-

eiglit minutes, and the ten control Daphnia in ninety-eight

minutes. Now if the 1 per cent, solution had acted on the

acclimatised animals like (1— '25) per cent. = '75 percent,

solution on ordinary Daphnia, they ought to have lived for

hours, but we see that they resisted the salt less well than

the Daphnia which had been living in fresh water.

(2) Ten acclimatised and ten control Daphnia were plunged

into 1"2 per cent.; the former succumbed in thirty-five

minutes, and the latter in fifty -eight minutes. Thus, a

result similar to that of the first experiment was obtained.

It should be added that the Daphnia acclimatised to *25 per

cent, solution were perfectly healthy in appearance, and in

fact more so than the control individuals living in f i-esh water,

for some of the latter had died, and for some unknown reason

they did not seem in a very healthy condition.

II. The Reaction of Daphnia magna to a Confined Volume

OP Watee.

The second series of experiments deals with the effect of a

small body of water on a certain dimension, and on the

power of growth and. reproduction ; incidentally some remarks

will be made on the eifect of a sudden transfer from one kind

of water to another.

1. The influence of a confined volume of water

on the length of the spine.

The '' spine " is formed by the posterior prolongation of

the carapace. Fig. 3 a represents an ordinary Daphnia

with a moderately long spine.

Professor Weldon poiuted out to me that in all compara-
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tively small volumes of water with no circulation, the spine

appeared to gradually diminish in length. Continued obser-

vation then proved that at the end of six months or so a

i'lG.

A. A Daplinia with a fairly lonj^ spine.

B. Au individual in wbicli the spine is absent.

colony of Daphuia in a large bell glass would possess exceed-

ingly small or no spines.

Some experiments were now undertaken to determine

the rate at which the spine diminishes, and the volume of

water which produces this reaction. Daplinia were placed in

a known volume of water, and the length of the spine in

successive generations was measured.
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Measurements.— (1) The length of the spine was

measured along a line which passed from its apex to a point

on the ventral surface of its base (b c). Since Daphnia con-

tinue to grow throughout life, it was necessary to express

the length of the spine in terms of some other dimension. For

this purpose the total length of the body was chosen.

(2) The body -length was measured along a line which

passed through the above point on the ventral surface of the

base of the spine, and cut the convex surface of the head

opposite the middle of the compound eye (a b). The measure-

ments were made under the microscope by means of Zeiss's

screw micrometer.

Twelve adult Uaphnia were taken without selection from

the tank.

Four of these (" A'^) were placed separately in four glass

tumblers containing 200 c.c. of water (that of the New River

Company) and a little lump of Conferva. At the bottom of the

tumblers there was a layer of mud taken from the Victoria

regia tank at Regent's Park. This mud contained many
Alg£e, &c., and constituted an adequate food-supply for the

Daphnia. The tumblers were covered with pieces of glass.

Four others ("ft") were placed in tumblers which were in

everyway similar to those of "Series A" except that the

coverings of glass were not used, and rain water collected in

the country was added from time to time to supply the loss

due to evaporation.

The remaining four Daphnia (" b ") were placed in tumblers

containing similar mud, but the water was changed at least

six times a week.

A brood was obtained from each parthenogenetic female.

The mother was then measured, and the offspring were

allowed to grow up. When adult and about to produce

broods, all the children were measured except one. The one

which was left was any individual of the brood, for no selec-

tion was made. After this animal had produced a brood it

was measured, and the offspring were left in the tumbler.

The results of the measui'ements on the spine are given in
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the following table, and they are diagrammatically i-epre-

sented in the accompanying* figure (Fig. 4).

Fig. 4.

Table V.

Generation.
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in which the animals were living. The slope of the line

a a' a" (Fig. 4) is not very different from that of a a'; and

since the series ''a" and "a" were living under fairly

similar conditions^ this fact would seem to point to the cha-

racter being inherited. The line h h' h" h'" shows a slight

downward tendency in the first generation, but in the second

and third generations there is a small rise above the parental

mean, which happened to be somewhat low. The mean spinal

length in the three generations was 196 thousandths, and

the parental mean was 194 thousandths; thus in the water

that was continually being changed the spine showed no

tendency to diminish.

The relative length of the spine sinks as the animal grows
;

and since under favourable conditions Daphnia continue to

grow as long as they live, the mean never becomes quite

steady. Consequently the means given in Table V w^ould

only be absolutely comparable if all the animals had been

measured at one particular size. However, between the

limits of size employed the change in the mean would be

small, and if a connection could have been applied, it would

only have made the effects of the condition of the water still

more apparent.

In the "a" series, where no fresh water was added,

twenty individuals grew to an average size of 2*621 mm. in

800 c.c. of water; this gave an average bulk of 40 c.c. of

water for each animal. The average diminution of spine was

— — = 70 thousandths of body-length.

Under the somewhat different conditions in the " a" series,

where rain water was added, twenty- seven individuals grew

up to a size of 2' 704 mm. in an average bulk of 30 c.c. of

• ^ ,
. 276-218

water, and the average lessening of the spine was —fAnn

—

= 58 thousandths.

Thus quite roughly it may be said that if a newly hatched

Daphnia be allowed to grow up to "adult" life in 40 c.c. of

freshly drawn water, its spine would on the average be
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shorter by several liiindredths of its body-length than if it

had lived in an unlimited bulk.

2. The influence of a confined volume of water

on the rate of growth and reproduction.

(a) The History of the "A," ''a," and ''&" Families.

The differences in the conditions of life in the three series

of tumblers used in the previous experiment produced a con-

siderable effect on the rate of reproduction ; a small supply

of water decreased in a marked manner the number of

generations and the number of offspring in a brood. The

following table gives the mean dates at which broods were

produced, and the total number of offspring in each series.

Table VI.

Series " A "

(no fresh water iidiled).

Series "a "

(a little rain water added).

Series " b"
(water constantly clianged).

The four mothers put in i

tumblers and product d '

broods of the

—

1st generation, "]

July 23rd (20i)
I „

,

2nd generation,
[

Aug. 7th (17).

J

3rd generation,

Aug. 30th (12) 23.iaysi

1st generation,

.July 23rd (14)
2nd generation,

Aug. 8th (13)..

3f.l generation,

Aug. 29th (15)

"16 days

21 days

These individuals of the 3rd generation grew ex-

ceedingly slowly. About twelve young were pro-

duced towards the end of September and then
breeding stopped, and all the individuals were dead
by the beginning of December.

1st generation,

July 23rd (15)

2iid generation,

Aug.7th(25-10),
3rd generation,

Aug. 25th (23)
ith generation,

Sept. 8th (22) .

5th generation,

Sep. 23rd (25-14)

6th generation,

Oct.9th(24-12)
7th generation,

Nov. 4th (16) .

15 da

Although the water was
continually changed t«o
of the families died out,

Fresh Daphuia from the tank were put into these ' and the others were in a
tumblers on December 10th. They very soon be- ' sickly condition on Dec
[ime unhealthy in appearance, and some died in 15th.

about a fortnight. Very few young were produced,
;tnd all the animals were dead early in January.

The temperature was kept at about 17° C.

Fresh Daphnia taktii

from the tank and put into

the same tumblers, with
the same mud, lived and
produced broods in a per-

fectly normal manner.

^ These are the number of young produced by the four mothers.
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This table requires some comment.

The number of generations and the number of offspring in

the series in which the water was continually being changed

are seen to be far in excess of those in the other two series.

Thus the condition of the water arrived at by remaining in

the tumblers^ was prejudicial to the growth and reproduction

of Daphnia.

The fifth generation of twenty-five young was produced by

the '*6" series at about the same time as the fourth genera-

tion of 12 young by ^'A" and "a" series.

I am unable to account with certainty for the ultimate

weakening of the stock in the series, which had an ample

supply of fresh water. It is possible that the following

circumstance was the cause of it.

(/3) The Effect of Sudden Transference from one

kind of Water into another.

On August 3rd all the Daphnia were carefully packed and

taken by train under personal supervision to Canterbury.

They were placed on a table by an east window facing a

garden. The water used for series '^6" was the town water

supplied by the local waterworks.

On August 5th broods were produced amounting to twenty-

five young, of these ten became sickly and died Avhen a few

days old ; also the period (eighteen days) between the second

and third generations was somewhat in excess of the usual

fortnight. The stock, however, completely recovered and

became perfectly healthy.

On bringing the animals back to London and replacing

them in New River water some fourteen of the young died,

and the stock became permanently weakened.

In October two of the families died out altogether, and the

' Every week or ten days the water and mud were emptied out of tlie

tumblers, and the glass was tliorouglily cleansed i'lom the green incrustation of

algse, etc., which had collected on it. lu the "A" and "a" series the same

water was then replaced
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remaining two were alive but apparently sickly at the middle

of December.

That this result was due to the unavoidable shaking in

railway travelling would seem to be unlikely. It is con-

ceivable that the sudden stimulus produced by transfer from

one water to another was prejudicial, and that the second

application of a like stimulus was still more damaging to the

race.

The following table shows that the two kinds of water

differ widely in the amount of their mineral constituents.

Canterbury Water.'

Grains per gall.

Carbonate of lime

Suli)liate of lime

Nitrate of lime

.

Mai^nesia .

Alkaline ciilorides

Silica ....
Total

1-39

0-07

2-04

0-27

3-41

0-40

7-58

New River Water.'^

Grains per i

Carbonate of lime . . 12-70

Sulpliate of lime . . . 1"G0

Nitrate of lime . . . l-QO

Nitrate of mas;nesia . . 1'28

Chloride of sodium . . 2'02

Silica 0-26

Alumina, etc 14

Totj 1900

Thus in the New River water there is two and a hall: times

more mineral matter than in Canterbury water.

The kind of reaction which was observed is very similar to

that which M. W. M. Hafkine ^ found among two races of

Infusoria. A race living in a clear pond near Paris was
killed by an artificial infusion of hay and leaves in which
the same species of Infusoria was flourishing.

y. Reproductive Cycles.

Another possible explanation may be sought in the follow-

1 This analysis was kindly sent to me by Mr. S. Harvey, the City

analyst.

' The analysis of the New River water is taken from Dr. J. A. Wanklyn's
' Water Analysis,' 1896.

' "Recherches sur I'Adaptation au Milieu chez Infusores et les Bacteries,"

par W. M. Hafkine, 'Ann. lust. Past.,' 1890.
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ing way. From much observation in breeding Daphnia it

seems probable that families have periods of reproductive

activity independent of physical conditions, such as tempera-

ture and the nature of the water, and perhaps in the " h
"

families the generations on September 23rd marked the end

of a reproductive cycle. This supposition, however, would

not explain the sudden retardation in growth, and the death

of some of the individuals when Canterbury water was first

used.

It should be remembered that the mud and tumblers were

in a perfectly wholesome condition ; for after the death of

the families on putting in fresh Daphnia from the tank,

broods were produced in a normal manner.

^. The Poisonous Nature of the Water in which
Daphnia had been living for a Prolonged
Period.

The decadence of the " A " and " a " families was un-

doubtedly due to the condition of the water, for fresh

Daphnia became sickly in it, and produced but few young,

and they all died in about a month. That this result was

not due to the mere lack of oxygen is certain, for the con-

ferva and unicellular algae gave off large quantities of the

gas.

At the beginning of February the water was decanted

from the mud and conferva and filtered. It had a faint

brownish tinge. 200 c.c. of this water were evaporated over

sulphuric acid, and the residue was dissolved in about 5 c.c.

of water. On filtration a fairly clear amber- coloured fluid

was obtained. This was tested for proteids, but none wez*e

found. The ammonium hydrate reaction for uric acid was

tried, but no indication of its presence could be observed.

Dr. Collie very kindly tested it, and he informed me that

he believed it contained a minute trace of an organic base,

but that the quantity present was so small that it was quite

impossible to ascertain its nature.
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About a cubic centimetre of the couceutrated solution was

injected liypodevinically into a frog, but without any marked

effect.

The remainder of the water which had been filtered, and

had been kept for a month in a bottle plugged with cotton

w^ool, was put into two beakers, and Daphnia were placed in

them. The animals grew and reproduced in a normal way.

Thus the poisonous nature of the water had apparently

passed off.

All that can be said at present is that

—

(1) Daphnia living in a small confined volume of water

with plenty of food and oxygen gradually become unhealthy,

their spines diminish in length, and reproduction ceases.

After a prolonged period they die.

(2) This water is injurious, though not as a rule fatal to

fresh Daphnia; the reproductive power, however, is very

quickly acted upon.

(3) Cyclops and Cypres were observed living in the water

apparently without hurt. This fact would almost seem to

indicate that the water becomes specifically injurious to

Daphnia.

(4) The injurious nature of the water seems to pass off

after a sufficiently long period.

In a considerable volume (10—40 litres) of water the

phenomena observed are slightly different. On stocking the

aquarium, say with a dozen Daphnia, after a month or six

weeks with favourable conditions of tempei\ature and food

several hundred animals may be produced. Then quite sud-

denly something appears to happen, and the greater number
die, young and old alike. A few, perhaps thirty, survive.

These will live for months without producing eggs. After a

very considerable time eggs are formed, and the Daphnia may
become fairly plentiful again, but this second swarm is never

so great as the first.

Considering the course of events in a small volume (200

c.c.) of water, we may perhaps interpret the above pheno-

mena in the following way.
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Daphnia, like all living orgaiiisuiis, must continually be

throwing off into the water excretory matter, using this term

in its widest sense. This matter, either in itself or thi-ough

its favouring the presence of certain bacteria, may feasibly

be supposed to be particularly injurious to Daphnia; for when

the Daphnia are fast disappearing, there may be a swarm of

Ostracods or Copepods. Thus the first swarm of Daphnia

may be supposed to render the Avater unfit for Daphnia life.

A few individuals, however, are strong enough to sui'vive,

the rest die. Now, by some natural process, the water

gradually becomes purified (possibly by the action of plant

life), and at last the few Daphnia that are still alive are able

to reproduce.

Summary.

From the foregoing experiments certain conclusions of

some interest may be drawn. The curve of the time of

killing with salt is quite clearly not a logarithmic curve, as

the usual method of stating Feclmer's supposed relation of

stimulus to effect might perhaps lead us to expect. Between

the limits of "8 per cent, and 6'0 per cent, solution, the rate

of killiug appears to directly depend on the number of

molecules (above the number contained in "8 per cent, solu-

tion) of salt which- beat on the Daphnia per unit of time.

With an increase of temperature the molecules are moving

with greater speed, and consequently strike the Daphnia

more frequently and with greater momentum, and the

chemical or physical reactions which take place are per-

formed with greater rapidity. Thus a Daphnia in 1"6 per

cent, at 3° C. dies in one hundred and five minutes, but at

29° C. in sixteen minutes.

The physiological condition of the animal at the time of

immersion into the salt solution has an enormous effect on

the resisting power. Thus in the case of a number of

Daphnia plunged into "5 per cent. NaCl, whether they all die

in about twenty-two hours or live indefinitely depends on
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their state of health at the time being. From this we may
infer that if a natural piece of fresh water containing Daphnia

were suddenly inundated with a certain quantity of salt

water, whether all the animals would be killed or not would

depend on the physiological condition of the animals at that

particular period. Supposing, for example, the water were

choked with excessive vegetation, then the population of

Daphnia would become extinct.

The physiological condition arrived at by acclimatising

Daphnia to '25 per cent, solution might certainly be expected

a priori to increase the resisting power to a stronger solu-

tion. In the experiments described this was found not to be

the case. Probably, although the acclimatised animals

appeared perfectly healthy, yet there was a certain weakness

in the constitution which caused them to succumb quicker

to the stronger solution than ordinary unacclimatised

Daphnia.

The effect of living in a confined volume of water on the

length of the spine is somewhat surprising, but I think the

evidence for it is quite overwhelming. The apparent direct

action of the environment on a character which has no

obvious connection with any change in the environment has

been observed by Darwin and others. Doubtless the length

of the spine is correlated with something which is acted upon

directly by the state of the water, and the difference observed

in the spinal length is merely the expression of this correla-

tion.

Living in a confined volume of water has a very marked
effect in decreasing the power of reproduction, both in the

number of generations and in the number of offspring in a

brood.

Sudden change from New River water to Canterbury

water, and vice versa, produced a pause in growth, and
some of the younger Daphnia died. Doubtless the mineral

character of a water is one of the numerous causes which

decide whether or not Daphnia are to be found living in any
particular pond or ditch.
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The supposed poisoning effect of Daphnia on Daphnia is

not new in principle, and it lias considerable significance from

the point of view of epidemics, which so frequently arise

when from any cause one kiud of animal becomes excessively

abundant.

In conclusion I wish to expi-ess my indebtedness to Pro-

fessor Weldou for his kind help and ready suggestiveness.
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A Revision of the Genus Steganoporella.

By

Sidney F. Hariiier, Sc.D., F.R.I§.,

Fellow of Kind's College, Cambridge ; Superiutendent of llie University

Museum of Zoology.

With Plates 12 and 13.

Some mouths ago Professoi- A. C. Haddon presented to the

University Museum of Zoology at Cambridge a collection of

Polyzoa, obtained by him during his first expedition to

Torres Straits in 1888-9. The bulk of his collection

had previously been given to the British Museum, and had

formed the subject of a paper by Mr. R. Kirkpatrick ;^ but

the material acquired by the Cambridge Museum, although

consisting mostly of small pieces, contained many species

which do not seem to have been represented in the other

part of the collection. Among these I observed three species

of Steganoporella, two of which appear to be undescribed.

One ol these was of special interest from being well pre-

served in spirit, enabling observations to be made on its

structure. My results on this subject are not quite ready

for publication, and I shall at present merely indicate their

general nature.

In drawing up an account of the genus Steganoporella
I have made use of the following collections :— (1) the speci-

mens brought by Professor Haddon from Torres Straits; (2)

other specimens in the Museum of Zoology at Cambridge,

mostly presented by Miss Jelly; (3) the collection of the

> • Sci. Proc. K. Dublin Soc' (N. S.), vi, 1888-90, p. 603.
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British Museum, for the opportunity of studying which my
best thanks are due to the Director, Professor E. Ray
Lankester, and to Mr. Kirkpatrick, who has shown me not a

little kindness in giving me information
; (4) one or two

specimens in the collection of the Manchester Museum; (5)

specimens sent to me from Jamaica by Mr. J. E. Duerden,

and from Victoria by Professor W. Baldwin Spencer, to both

of whom T desire to express my indebtedness, as well as to

other friends who have unsuccessfully attempted to procure

specimens of Steganoporella.

Steganoporella is a genus of very striking appearance;

and, as has happened in many other cases, its generic cha-

racters are so distinctive and conspicuous that the specific

characters have not hitherto received due attention. Thus I

believe that the forms described by various writers as S.

magnilabris. Busk, belong to a number of different species,

and, in place of the two recent species given in Miss Jelly's

catalogue,^ I am able to define no less than twelve species.

The only author who seems to have published the opinion

that most specimens of this genus are not necessarily to be

referred to S. magnilabris is Jullien,^ who further alludes

to two undescribed species Avhich he has dredged on the

coast of Liberia. It is probable that these are not included

in the material which has been at my disposal.

The Polyzoa belonging to this genus are characterised by

the large size of the zocecium and of the operculum. The

zocecium consists of a calcareous basal wall and four vertical

walls, which will be described as, respectively, proximal (
=

aboral), distal, and lateral. The proximal and distal walls

are commonly somewhat oblique, their free edges being

situated more distally than their base-lines. The sixth or

^' upper" surface is covered, as in the Membraniporidae, by a

chitinous membrane or ectocyst, the " epitheca " of most

• ' Syn. Cat. Recent Mar. Bryozoa,' 1889. I give below my reasons for

referring Membranipora delicatissima, Busk, to Siphonoporella,

Hincks.

» 'Miss. Sci., Cap. Horn,' vi, Zool., 1888, p. I. 79.
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authors, with which the base of the enormous operculum is

continuous. In zooecia from which the epitheca has been

removed, the four vertical walls end in a thm '' raised line,"

which outlines the entire zooecium, separating it from its

neighbours. Busk^ regarded this as a " chitinous hollow

filament," which he supposed to be a channel of communica-

tion between different parts of the zoarium. In incinerated

specimens the lateral walls of neighbouring zooecia may
appear separated from one another by a narrow slit in

place of the " raised line." This is in fact the edge of a

chitinous layer separating contiguous zocecia, and prolonged

into the membranous epitheca. This agrees with the account

given by Nitsche^ of the calcification of the zooecia of Mem-
branipora membranacea, in which the calcareous matter

is said to be formed in the middle of the chitinous ectocyst,

part of which is left on each side of it. In S. auriculata
the basal wall is covered externally by a chitinous ectocyst,

the limits of the zocecia being visible as a chitinous line, just

as on the upper surface.

The proximal pai-t of the zooecium is covered by the

epitheca, which is tightly stretched across it ; and there is

here no calcareous portion which projects above the level of

the epitheca. The distal wall is usually raised above the

epitheca of the adjacent zooecia into a conspicuous calcareous

"oral arch," the development of which differs in different

species.

The thin summit of the post-oral part of each lateral

wall will be described as the " edge." Nearer the base the

proximal and lateral walls have a thickened granular or

tubercular calcareous portion, as in many species of Mem-
branipora. This may be referred to as the "shelf," a name
which has already been used by Waters.^ It is constantly

present on the lateral walls, but may be evanescent on the

1 'Challenger Report,' pt. xxx, 1884, p. 75.

* ' Zeitsclir. wiss. Zool.,' xxi, 1871, p. 455.

' 'Quart. Journ. Geol. Soc.,' xliii, 1887, p. 51; Waters, however, used

the term only for what I describe below as the oral shelf.
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proximal wall. It may also occur on the distal wall, giving

valuable specific characters, and when present here it is found

as a projection within the oral arch, and at a considerably

deeper level (fig. 13).

Immediately on the basal side of the shelf a porous "cal-

careous lamina" takes its origin from the proximal and
lateral walls, forming a layer more or less parallel to the

epitheca. This is the "cryptocyst" of Jullien,^ and the

space between it and the epitheca is the " hypostegia" of the

same author. The Microporid^e, Steganoporellid^, with the

Membraniporidae and certain other foi-ms, are grouped to-

gether by Jullien as Diplodermata," in allusion to the occur-

rence of a cryptocyst distinct from the ectocyst. In most of

these forms the cryptocyst is not complete, but has a free

internal edge which limits an opening of varying size, the
" opesia."

The cryptocyst of Steganoporella is always complete

proximally. As it passes distally, it sinks towards the basal

wall—in some species with a slight angular deviation from

the epitheca, in which case it joins the distal wall of the

zocecium (figs. 11 and 13) at a greater or smaller distance

from its base. In other species the cryptocyst descends

steeply, often at right angles to its proximal portion, to join

the basal wall (fig. 10). The importance of the place of in-

sertion of the distal border of the cryptocyst as a specific

character has hitherto been completely (werlooked. Since

the calcareous walls are more or less transparent, it follows

that in some species the basal wall seen from below shows
inerely the origin of the four vertical walls, while in others

it shows in addition the insertion of the edge of the crypto-

cyst (fig. 27). This structure is developed as an outgrowth

from the proximal side of the zooecium, which in its young
state passes through a condition, with incomplete crypto-

cyst and large opesia, which is permanent in species of

Membranipora.
' 'Bull. Soc. Zoo). Fiimce,' vi, 1881, p. 4 (sep.).

2 See also Jullien, ' Cap. Horn ' (t. cit.), p. I. 66.
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The cryptocyst extends througli the body-cavity of the

zooecium, which thus occurs both above it and below it. Its

descending pai't is never developed so much as to form a

complete septum across the body-cavity, but it is always

perforated by a more or less circular hole (fig. 13). Through

this passes the tentacle-sheath of the polypide, which oc-

cupies the chamber on the basal side of the cryptocyst. The

tentacle-sheath does not completely fill the hole, so that

there is a free communication between the two parts of the

body-cavity.

The opening in the distal part of the cryptocyst is the

base-line of a calcareous " tube," which projects into the

distal or subopercular chamber of the zooccium. That part

of the tube which is remote from the ba.^al wall is always

well developed, and is usually clearly visible from above.

The structure which is thus seen as a projection from the

descending part of the cryptocyst is what I shall hereafter

term the "median process/' whether it is merely the upper

wall of the tube (fig. 7) or is complicated by the outgrowth

of flanges, as in fig. 11, etc.

In species in which the cryptocyst descends vertically to

the basal wall, the opening of the tube is vertical, and cannot

be seen (fig. 2) unless the zooecium is looked into obliquely

from the distal end. In those in which the cryptocyst joins

the distal wall the opening is oblique, and can usually be

readily seen from above (fig. 13). The sides of the tube are

generally much less developed than its roof, and there may
be no tubular wall on the basal or distal side. In this part

the opening may be completely surrounded by the crypto-

cyst, of which it is a mere perforation, surrounded laterally

and above by upstanding walls (fig. 11, large zocecium). In

other cases (fig. 11, small zocecium) the cryptocyst is still

more incomplete, the sides of the tube usually diverging and

joining the basal or distal wall, according to the arrangement

of the cryptocyst. The position of the opening and the

extent of its tubular walls offer valuable specific characters.

The tube, which thus rises from the free surface of the
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descending part of the cryptocyst, partially interrupts the

distal region of the body-cavity, so that a pair of spaces,

which will be referred to as the '' lateral recesses/' are found

one on either side of it. Jullien^ has quite correctly appre-

ciated the function of these cavities, which, as he points out,

contain muscles. I propose to give a more detailed account

of these muscles on a future occasion, and will for the

present merely state that they are of three kinds : (i)

divaricator muscles, which open the operculum
;

(ii) occlusor

muscles, for closing this structure
;

(iii) depressor muscles.

These last are inserted into a linear chitinous thickening

(fig. 16, e. s.) of the epitheca on each side. These thicken-

ings will be termed the " epithecal sclerites." Their form

differs in different species. Busk ^ described them as

" furcate spicula," although the furcate appearance was no

doubt produced by the insertion of the tendon of the de-

pressor muscle into the middle of the sclerite, which is often

angulated at this point, so that the vertical tendon seen in

perspective with the two halves of the sclerite may have the

appearance of a Y.

I think, with Jullien,^ that there can be little doubt about

the function of the depressor muscles. They are to be

regarded as special modifications of the parietal muscles of

other Polyzoa, whose function is, by depressing the upper

ectocyst, to exert a pressure on the fluid of the body-cavity,

by which the polypide is extruded.* The tendons, as shown

by Jullien, pass through the well-known lateral foramina of

such forms as Micropora and Thalamoporella ; and

Jullien, in his memoir on the Polyzoa of Cape Horn, suggests

no less than thirteen generic types for recent and extinct

species characterised by differences in these foramina, which

he terms the " opesiules." This application of Jullien's prin-

ciple would result in assigning different specimens of S.

' ' Cap. Horn,' p. I. 77.

' ' Challenger Rep.,' pt, xxx, p. 75.

3 'Cap. Horn,' pp. I. 80, 81.

* Cf. Nitsche, 'Zeitschr. f. wiss. Zool.,' xxi, 1871, p. 426.
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magnilabris to different geuera, but credit is due to this

author for having distinctly understood the purpose of the

opesiules. In Stegaiioporella distinct '^ opesiules " may-

be formed by the concrescence of the median process with

the lateral walls of the zocecium. This is specially the

case in S. auriculata (fig. 8) and in S. connexa
(fig. 6).

The tube is probably not to be regarded as a median struc-

ture, as may be concluded not only from the internal evidence

afforded by Steganoporella, but by a comparison with

some of its allies. In Siphonoporella nodosa, Hincks/

of which I have been able to examine a specimen (labelled

" Australia") belonging to the Manchester Museum, there is

a descending cryptocyst, which, as in some species of

Steganoporella, joins the basal wall and leaves a con-

siderable subopercular cavity into which a tube projects.

Although Hincks did not convince himself that this tube

opens into the proximal part of the body-cavity (and I have

myself not been able to demonstrate this in the dry spe-

cimen), there can be little doubt, on the analogy of other

forms, of the existence of the communication. The tube

arises quite unilaterally from the descending cryptocyst, and

is pressed against one or other of the walls of the distal

cavity of the zocecium.

The Manchester collection contains a specimen labelled by

Miss Jelly as Steganoporella delicatissima, Busk.

Although the original figure of this species ^ gives little idea

of its internal structure, Miss Jelly's determination was

undoubtedly correct, and I am thus indebted to her for

having my attention called to a species which appears to

throw considerable light on the structure of Steganopo-
rella. Although Mr. Kirkpatrick has been unable to find

the actual type-specimen of M. delicatissima, he procured

for me a fragment of the type-specimen of the Alga

(Amansia pinnatifida) on which, as Busk points out,

• ' Ann. Ma?. Nat. Hist.' (5), vi, 1880, p. 90, pi. xi, fig. 10.

2 'Quart. Jouru. Micr. Sci.,' N. S., i, 1861, pi. xxxiv, fig. 1.

VOL. 43, PART 2. NEW SERIES. R
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M. delicatissima constantly occurs; the fragment being,

moreover, from the locality (King George's Sound, West

Australia) from which Busk records the Polyzoon. The Alga

is, curiously enough, covered by Membranipora bicolor,

Hincks,^ which appears at first sight to correspond with

Busk's description of M. delicatissinia. I find the expla-

nation of this discrepancy in two specimens (co-types, from

King George's Sound) of Amansia pinnatifida in the

University herbarium at Cambridge. One of these is

covered by M. bicolor, and the other by M. delicatis-

sima, both being strikingly alike when seen without magni-

fication.

M. delicatissima (figs. 42, 43) should clearly be placed

iu the genus Siphonoporella. The first impression pro-

duced by its appearance is that it is a spineless Membrani-
pora, with a large ''aperture" occupying nearly the whole

of the front surface, and filled by a transparent membranous

ectocyst, in which lies the small operculum. A small portion

of the front wall is calcareous, immediately on the proximal

side of the aperture. The calcareous cryptocyst descends

with a uniform slope from this region, and thus has no hori-

zontal proximal portion as in Steganoporella. At about

the middle of the length of the zooecium the cryptocyst meets

the basal wall on one side, while from the other side a well-

developed tube projects into the subopercular portion of the

body-cavity. This tube is so asymmetrical that the cavity of

the zooecium which is roofed by the cryptocyst is retort-

shaped, the junction of the tube with the cryptocyst being iu

some cases a little complicated. The pi'oximal division of

body-cavity overlaps the base of the tube on one side, and in

some cases (as in figs. 42, 43) on the upper side as well.

The tube on the other side springs directly from the lateral

wall of the zooecium, and below from the basal wall along

the line z. The consequence of this arrangement is that the

^ 'Ann. Mas- Nat. Hist.' (5), vii, 1881, p. 148. The species is probably

nearly related to Siphonoporella, although perhaps not actually to be

referred to this genus.
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tube appears to be traversed by three more or less transverse

lines. The most superficial of these, when seen from above,

is the line x, which indicates the bending round of the cryp-

tocyst to join the actual base of the tube. This appears, at a

deeper level, as the line y, where the recurrent part of the

cryptocyst bends round to form the upper wall of the tube.

This fold is indicated in optical section to the left of the

figure. The third line, z, in the plane of the basal wall of

the zooecium, is the origin of the deeper or basal part of the

wall of the tube. These relations are further explained by

the diagrammatic fig. 43, representing an ideal longitudinal

vertical section of the entire zooecium.

The operculum of S. delicatissima is very much smaller

than the comparatively gigantic opercula of Stegano-
p ore 11a. That of the zooecium shown in fig. 42 measures

only 90 fx in diameter, while the smallest normal opercula of

any of the species of Steganoporella here considered

measure no less than 320 fx. There is at present no reason

for regarding the zooecia of Siphonoporella as dimorphic.

The opercula (in S. delicatissima) have a concentric

thickening bar, as in the "a opercula" of Steganoporella;
and the proximal ends of this bar project to a considerable

extent from the lower side in a direction at right angles to

the plane of the operculum.

The question arises whether Siphonoporella should

be regarded as distinct from Steganoporella. I think

the answer to this must be in the afiirmative, while admitting

that the former shows many points of resemblance to certain

species of Steganoporella. Siphonoporella differs from

Steganoporella in the small size of its opercula (which in

S. delicatissima do not exceed 100 m in diameter), in

the absence of any horizontal proximal part of the crypto-

cyst, and in the fact that the "area" bounded by the

''raised lines" and filled by the membranous epitheca is

usually not co-extensive with the front wall of the zooecium.

The cryptocyst of S. delicatissima is tubercular, but not

porous; the mouth of the tube may be surrounded above
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by fine calcareous processes, giving it a fimbriated appear-

ance.

In Steganoporella evidence of asymmetry of the tube

is conspicuous in certain species, as in S. lateralis (fig. 1),

where the condition hardly differs from that in Siphono-

porella, and in S. magnilabris (fig. 10), where the

asymmetry, though less apparent at first sight, is equally

striking in reality.

In other species of this genus the tube tends to become a

median structure ; and its appearance in most cases is much

modified by the outgrowth of lateral calcareous flanges from

its upper wall. These usually take the remarkable form seen

in figs. 3, 8, etc. In most species the roof of the tube can be

distinctly seen as a convex floor (fig*. 10) to the cavity which

is formed by the development of these flanges. It is not

easy to suggest a satisfactory explanation of this structure.

The lateral flanges have the effect of more completely de-

limiting the lateral or muscular recesses. They also strengthen

the distal edge of the median process which corresponds

with the base-line of the operculum. I cannot find evidence

that the cavity of the median process contains any organ of

importance ; and I think it not improbable that it prevents

the too forcible retraction of the epitheca by the contraction

of the depressor muscles. If the epitheca should be de-

pressed so far as to come into contact with the edges of the

cavity in question, the resistance of the fluid in the cavity

(which is quite closed basally) would probably act as a

cushion, which would be less likely to tear the epitheca than

would a sharp calcareous edge unaided by a fluid cushion.

The distal part of the cryptocyst has hitherto been spoken

of as if it descended equally both medianly and laterally.

Although this may be approximately true of some species,

as of S. Buskii (fig. 13), the arrangement is usually compli-

cated by the fact that the part which descends into the

cavity of the median process has a different slope from that

part which forms the floor of the lateral recesses.

One of the most striking features of the genus Stegano-
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p or el la is the dimorpliism of tlie zooecia, which usually,

thoug-h apparently not always, occurs. The dimorpliism

is due not only to differences in the form and size of the

calcareous parts of the zocecia, but in an even more striking

way to differences in the opercula. These, in Steg-ano-

porella, are always strengthened by vertical bars of

chitinous substance, which stand out from their lower side

like the joists from the lower part of a floor. In the one

form of opercula (which, with their corresponding zooecia, I

shall designate as '^a") the operculum is usually semicircular,

with the main strengthening girder or bar concentric with

its curved margin (fig. 19). These zooecia may be regarded

as the equivalents of the ordinary zooecia of the Cheilostomes.

In the " B " form the operculum is usually a good deal larger,

and has an entirely different form of strengthening bar,

which may be roughly A-shaped (fig. 41) or D-shaped (fig. 14).

The A and b forms of opercula appear to differ in their mus-

cular system, as I hope to show on a future occasion. A more

obvious distinction depends on the character of the chitin-

ous teeth borne by the opercula. While a opercula may be

quite toothless (fig. 19), or with two (fig. 15) or four (fig. 24)

strong teeth on the main thickening bar, or in one case (S.

magnilabris, figs. 45, 46) with numerous small submarginal

teeth, the b opercula are nearly always characterised by the

greater or smaller development of submarginal teeth (figs.

36, 38). In one case (S. alveolata, fig. 41) each of these

teeth fits when closed into a socket in the calcareous oral

shelf of the zooecium (fig. 12). I have found the opercula

eminently serviceable in the discrimination of the species.

The nature of the dimorphism of Steganoporella has

formed the subject of some discussion, though the sugges-

tions that have been made are mere guesses. Hiucks and

Busk have regarded the epi- cryptocystal chamber as ooecial

in function, in the b form at least; although Jullien^ has

rejoined that part of the cavity in question contains

muscles, and cannot be regarded as an internal ovicell. This
I Loc. cit. (1888).
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criticism appears to me to lose sight of the fact that the

supposed ooecial cavity of Hincks and Busk was more than

the lateral recesses. I have no evidence which justifies me

in expressing a definite opinion on this subject, although I

have no reason to think that the dimorphism is connected

with sexual differences. The ratio between the A and b

forms is curiously different in different species. In the

majority of forms characterised by the possession of b opercula

with A-shaped thickening, the b form is found in large

numbers. In those with a fl-shaped thickening, on the

contrary, this form of zooecium is always rare, and appears

to be disappearing altogether. This leads to the cases (S.

neozelanica, etc.) in which no b zooecia can be found at all.

In S. alveolata the reverse condition obtains, the a form

being very rare, almost the entire colony being composed of

b zooecia. This is the only species in which I have been able

to obtain spirit material in which the polypides are present;

and it is obviously not well adapted for the examination of

the meaning of the dimorphism. I have at present been

unable to detect any trace of reproductive organs, but I am

able to state that polypides occur in the comparatively few

A zooecia, and I have not noticed any difference between

these and the polypides of the b form.

Steganoporella possesses no avicularia, although these

are present in its ally Thalamoporella. I am at present

inclined to regard the b form of zooecium as representing an

avicularium, and probably that form of avicularium, common

n the extinct allies of Steganoporella, which Jullicn

1881) ttrms an "onychocellarium." I am disposed to do

this largely in consequence of the similarity between its

muscles and those figured by Jullien ('Cap. Horn,' pi. xii,

fig. 3) in the avicularium of Beania magellanica. I am

aware of the fact that the occurrence of avicularia containing

polypides would be very unusual.

A tentative suggestion with regard to the function of avi-

cularia may be here made. Anyone who examines encrust-

ing and Escharan forms of Polyzoa must be struck by the
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idea that one of the principal dangers to which they are

subjected is the competition of other fixed organisms. An
excellent example of this is afforded by a specimen of the

encrusting form of S. neozelanica, which I have found

growing over another Cheilostome with a very uneven surface

in such a way that the basal wall of the Steganoporella

had moulded itself over every irregularity of the form on

which it was growing, thereby completely closing every

zooecial orifice. Many Polyzoa are particularly subject to the

attacks of encrusting Polyzon,—as, for instance, Lepralia

foliacea of our own coasts. In some cases these attacks

probably do little harm, because the basal parts of the colony

become covered by a calcareous thickening of its own which

occludes the zooecial orifices, and the zooecia with functional

polypides are those in the younger parts of the colony.

Although Steganoporella grows into large flat surfaces

which might form an excellent fixing-point for other Polyzoa
,

I have never seen any overgrowth of this genus by encrust-

ing Polyzoa in specimens which were in good condition, with

their full complement of opercula. I have, however, exa-

mined a colony of S. truncata which was largely covered

by Membranipora., Cellepora, and Smittia; and it was

obvious that some of these were growing on parts of the

Steganoporella which had lost their opercula. The others

were in parts in which the opercula were wanting here and

there, and it seems to me not unlikely that the zooecia had

really been dead, although they had not yet lost their

opercula. Another case of Cellepora growing on the Vin-

cularian form of S. neozelanica is capable of being ex-

plained in a similar way.

I venture to suggest that certain of the external features

of a Polyzoon colony may be correlated with the discourage-

ment of the fixation of the larvaj either of Polyzoa or of

other encrusting animals. Many of the irregularities of the

surface, such as the armature of oral or marginal spines, may
act in this way by making the surface irregular and unfit for

the attachment of larvse ; and in particular it seems to me
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probable that aviculai'ia and vibracula may conti-ibute to-

wards the same result. In the case of Steganoporella,

the B opercula, with their formidable teeth, may protect the

colony by the destruction of the larvae of Polyzoa or other

animals which are fixed in their adult state. The a opercula

may also take their share in this work, and would be parti-

cularly effective when furnished with teeth. It may be noted

that the a opercula are provided with two or four powerful

teeth in several of the species in which the b opercula are

apparently vestigial or completely absent. The disap-

pearance of the B opercula may in fact have been facilitated

by the occurrence of teeth on the a opercula.

The fixation of a Polyzoon larva is a deliberate process,

and does not take place until the larva has wandered about

over the surface of fixation for some time, rotating by its

cilia as it does so. During this process it may easily be sup-

posed that it would sooner or later be brought within the

reach of an avicularium in genera so provided, or of a b

operculum in Steganoporella, one closure of which would

be sufficient to destroy any intruding larva. The relations

of the oral shelf of the b form are by no means adverse to

this idea, particularly in S. alveolata, but the cavity above

the shelf, in that species at least, is not adapted for the per-

formance of an ocEcial function.

The nature of the dimorphism of Steganoporella may
pei'haps in the future form the subject of direct observation

in some locality where suitable species are abundant.

Descriptions of the Species.

The species of Steganoporella form an interesting study

in evolution. The complicated arrangements connected with

the distal part of the cryptocyst can be traced from a simple

to a more differentiated condition, and the former can be

compared with the arrangements of other genera. Certain

forms show a considerable range of variation; but on the

whole the characters of each species are well marked, and do
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not appeal' to vary to any great extent even in specimens

from widely different localities. In characterising the species

I have found tlie following features of special service :

(i) Tiie opercula (a and b forms).

(ii) The arrangement of the descending or distal part of

the cryptocyst.

(iii) The form of the tube and of the median process.

I have not derived any special assistance from the rosette-

plates, a character which, in the hands of Mr. Waters in

particular, has given valuable aid in the discrimination of

species. The rosette-plates of Steganoporella are large

and conspicuous. Their typical arrangement seems to be

identical with that described by Nitsche for Membrani-
pora meinbranacea.^ The zooecia are in longitudinal rows,

those of adjacent rows usually alternating, so as to give a

regular quincuncial disposition. Each zooecium typically

communicates with its neighbours by two proximal, two

distal, and four lateral rosette-plates on each side. It has

typically six neighbours, and it is connected with each one

by two rosette-plates, although there are many deviations

from this rule. I am unable to point out any constant cha-

racters by which the rosette-plates of one species differ from

those of another species, while in one and the same colony

vei'y different conditions may obtain in neighbouring zocecia.

As an instance of this I may mention the case of a fragment

of the encrusting form of S. neozelanica, in which the

proximal wall of four zooecia could be examined from the

inside. In one of these there were two large watch-glass

shaped ^ rosette-plates with their concavity opening into the

distal zooecium ; in a second there were two similar rosette-

plates with their convexity in the distal zocx3cium ; in a third

two flat rosette-plates were present ; and in the fourth none

could be discovered.

In S. buskii, while four lateral rosette-plates may occur,

other zooecia may have only three, or even two. The proxi-

' 'Zcitschr. f. wiss. Zool.,' xxi, 1871, p. 421 (fisj. 1).

- Cf. Waters, ' Clialletiger Reports,' pt. Ixxix, 1888, |). 13.
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mal or distal rosette-plates may be of the typical number

(two), situated on the basal side of the insertion of the cal-

careous lamina, or each of these may fragment into as many as

three pieces placed close together (fig. 33). In S. truncata,

although the typical number of lateral rosette-plates may occur,

one zooecium was noticed to have three vertically arranged

rosette-plates instead of the usual horizontal series of four.

It is obvious from what has been said that the relation of

the distal rosette-plates to the line of insertion of the crypto-

cyst is not the same in all species. In those in which the

cryptocyst joins the distal wall at some distance from the

base the distal rosette-plates are typically found, one beneath

the floor of each lateral recess (fig. 33). In species in which

the cryptocyst joins the basal wall the rosette-plates of the

distal wall are of course entirely distal to its insertion. The

subopercular cavity is in fact part of the body-cavity, what-

ever the relation of the cryptocyst, and the distal rosette-

plates maintain their position irrespective of the behaviour of

the cryptocyst.

Methods employed.—For the examination of the muscular

system I have found it convenient to remove the basal wall

of the zooecia. This may easily be done by embedding a

piece of spirit material (not decalcified) in paraffin, and

cutting away the basal wall with a scalpel after the paraffin

has cooled. On dissolving out the paraffin the zooecia can be

stained and mounted in Canada balsam. The removal of the

basal wall greatly facilitates the examination of the internal

anatomy of the zooecia.

The preparation of the opercula has been made by the

following method, which has enabled me to obtain satisfac-

tory evidence of the structure of small unique specimens

without in any way destroying their value. The fragment

of the colony is boiled for two or three minutes in a 4 per

cent, solution of caustic potash (although a stronger solution

might be used with impunity). The opercula are then brushed

off, or if necessary, removed, with the epitheca, by the aid

of a needle. The calcareous parts are washed and reserved
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for further examination, while the opercula are placed in a

test-tube with nitric acid (which should not exceed about 50

per cent.) and boiled for two or three minutes. I have found

this procedure specially necessary in the case of dry speci-

mens, in which the dried tissues in connection Avith the

orifice are by no means easy to remove from the lower side

of the opercula. Even after treatment with nitric acid it is

often necessary to brush or dissect away these remains, in

order to obtain clean preparations of the opercula, which are

mounted in Canada balsam after staining with picric acid.

If the material is not specially valuable the opercula may be

prepared by boiling the dry fragment of a colony in nitric

acid ; but the other method is preferable, in that it permits

the examination of the dry calcareous parts and of the

opercula of the same fragment. In dry mounts of specimens

from which the epitheca has not been removed some in-

formation with regard to the characters of the calcareous

parts may be obtained by wetting the epitheca, a procedure

which makes it for the time more transparent.

The examination of the calcareous parts could hardly have

been made except by employing some device for rotating the

fragment, so as to be able to see it from different points of

view. I have used for this purpose a small cylinder, as

described in my paper on Lichenopora,^ to which the piece

of the colony could be temporarily fixed.

Steganoporella, Smitt (Steginoporella, Smitt, 1873).

Zoarium encrusting, Hemescharan or Escharan. Zooecia

typically dimorphic, completely covered in front by a mem-
branous epitheca, the oral region alone rising as a calcareous

arch above its level. Opercula of great size, rarely less than

320 fi in diameter, and often much larger, strengthened by a

girder (main sclerite) which projects from the lower surface,

and often by additional girders. Cryptocyst a more or less

horizontal, porous plate proximally, separated from the

epitheca by the depth of a tubercular calcareous shelf;

' ' Quart. Jouru. Micr. Sci.,' xxxix, 1897, p. 74.
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distally descending to join the basal or distal wall of the

zooecium. The descending part of the cryptocyst is per-

forated by a passage or tube, through which the tentacle-

sheath passes to the orifice^ the walls of this passage being

developed at least above. The parts of the cavity on either

side of the tube form more or less deep lateral recesses, which

contain the opercular muscles and those which depress the

epitheca. The tube is usually produced into distal and lateral

flanges which limit a hollow, the cavity of the median process^

which opens upwards into the space beneath the epitheca.

Avicularia of the ordinary type and external ovicells wanting.

In arranging the species of Steganoporella somewhat

different results would be arrived at according to whether

the characters of the opercula or of the cryptocyst and of

the tube are taken as the basis of the arrangement. The

possible affinities of the species may perhaps be indicated by

taking three main divisions, as follows :

(i) B opercula, if present, with a fl-shaped thickening bar

or main sclerite ;^ A opex'cula undifferentiated or with two

teeth on the main sclerite.

(ii) B zooecia apparently wanting; a opercula with four

teeth on the main sclerite.

(iii) B opercula with a A-shaped main sclei'ite.

The cryptocyst usually joins the basal wall in sections (i)

and (ii), while it joins the distal wall in most of the species

included in section (iii).

(i) B Opercula, if present, with a fl-shaped main

sclerite; a Opercula undifferentiated, or with

two teeth on the main sclerite.

1. Steganoporella lateralis, MacGill. Figs. 1, 19, 20, 27.

S. lateralis, MacGill., Mon. Tertiary Polyzoa Victoria,

•'Trans. Roy. Soc. Victoria,^ iv, 1895, p. 53, pi. vi, fig. 18.

Cryptocyst joining the basal wall, angulated and thickened

' The term " sclerite " may coiivenieutly be used for any definite tliickeu-
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at the commencement of the descending portion. Tube well

developed, rising very asymmetrically from the descending

cryptocyst; its opening vertical, completed by the basal

wall, or if complete not far raised above the basal wall. The
formation of a median process distinct from the tube is

indicated only by a pair of unequally developed horns on the

upper wall of the tube, b opercula rare, with fl-shaped main
sclerite, but without basal sclerite ; submarginal teeth long,

strong, and recurved, confined to the distal half of the

operculum, a opercula undifferentiated. Insertion of the

cryptocyst, as shown on the back of the zooecium, usually

produced proximally into a deep asymmetrical sinus

(fig. 27).

(a) Tahiti; Manchester Mus., Miss E. C. Jelly.^

(6) Tahiti; Hincks Coll., Brit. Mus., 99.5.1, 261 [from

Miss Jelly's collection]

.

(c) Torres Straits ; Haddon Coll., Cambridge Mus., 24.2.98

[Muddy Creek, Victoria (Tertiary), MacGillivray].

The material on which the diagnosis is based consists of

three small encrusting specimens, two of which, from Miss

Jelly's collection, were no doubt obtained at the same time.

The specimen from Toi'res Straits is without opercula.

Of all the species I have examined this one most nearly

resembles a Siphonoporella, and I have accordingly put it

at the head of my list. The tube (fig. 1) arises quite asym-

metrically from the cryptocyst, as pointed out by MacGil-

livray, sometimes from one side, sometimes from the other,

and its position in a series of zocecia does not obey any

obvious law. The change from a right-handed to a left-

handed zooecium takes place abruptly in the course of a

ing of the operculum or epitheca, following a practice usual in entomology.

The "main sclerite" is the principal thickening bar of an operculum, which

bears the tubercle for the insertion of the occlusor tendon.

1 The localities given are those of the specimens which I have myself exa-

mined. The specimen first mentioned is the one which I regard as the type-

specimen in the case of the new species. In the remaining species "B. M."
= British Museum, " C. M." = Cambridge Museum, the register dates being

given in both cases.
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longitudinal row of zooecia. If tlie series bifurcates^ the

two daugliter-zooecia may have the same asymmetry as their

parent, or oue of them may have the converse symmetry; or

both may be converse. I suspect that the asymmetry is cor-

related with the position of tlie retracted polypide, and that

the tentacles lie in some zooecia on the right side, and in the

others on the left side. In the specimen figured the tube

springs from the (apparent) right side of the subopercular

cavity. The proximal wall of the right ^ lateral recess is not

apparent in the figure, while that of the left recess is just

visible. Between this wall of the left lateral recess and the

tube the basal wall is exposed to view from above. On

turning the zooecium over this appears as a deep sinus (fig.

27) passing proximally and asymmetrically in correlation

with the asymmetry of the tube itself. A view from this

side at once shows that there is considerable variation in

these respects. The condition shown in the upper zocecium

of fig. 27 corresponds with that of fig. 1 ; that shown in the

lower zocBcium indicates that the cryptocyst does not any-

where touch the distal wall, while another condition is

found when the cryptocystal floor of the lateral recess

meets the distal wall (in any case very low down) on both

sides.

The upper border of the opening of the tube is produced

into two points, which are typically asymmetrical, that on

the side of the sinus being more developed than the other,

as indicated by fig. 1. The edge (see p. 227) of the zooecium

is hardly as high as the calcareous post-oral shelf, from

which it is separated by a distinct furrow. The shelf is

strongly tubercular, but is not so deep as in most species.

The horizontal part of the cryptocyst is accordingly com-

paratively little depressed below the level of the epitheca

;

it is well developed, thick, and tubercular, and has small

pores. A strong tubercular continuation of the shelf runs

• It will be convenient to describe what is actually seen in the figures,

without alluding on each occasion to the fact that the figure has been re-

versed by the microscope.
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across the zooecium, along the line where the descent of the

cryptocyst commences. The descending portion joins the

horizontal portion at a distinct angle^ and the tube springs

from it at a deeper level than the tubercular edge. As is

usual in species in which the cryptocyst descends verti-

cally, the basal wall is well exposed from above. The oral

shelf is completely absent. The oi'al arch is well raised.

The epithecal sclerites are rather long, nearly straight

proximally, curving outwards distally towards the ends of

the main sclerite of the operculum, which they nearly reach.

The epitheca is delicate and transparent.

The characters of the b zooecia have not been observed ;

but two B opercula have been found with respectively ten

(fig. 20) and nine submarginal teeth, but otherwise closely

agreeing with one another. The tendons of the occlusor

muscles are shown in the sketch, that on the right side being

displaced from its natural position. They are inserted, as

in the case of the opercula of Steganoporella generally,

into a distinct tubercle (a), which is marked by a group of

fine dots which doubtless correspond with a fibrillar insertion

of the tendon into the operculum. The main sclerite (b c)

of the operculum is H-shaped; and, as seen from the inner

or basal side, is an oblique girder springing from the oper-

culum along the line c, and with a free edge at b. This edge

rises further from the plane of the operculum on the proxi-

mal side of the occlusor tubercle, and projects as a pointed

lobe whose edges are formed by the parts d and e, between

which there is a deep concavity sinking down to the level

of the proximal end of the base-line (c) of the sclerite.

This upstanding lobe is supported by a buttress or sclerite

(/), which passes down to the plane of the operculum. The

line c, the buttress /, and (in some cases) the submarginal

tooth-bearing sclerite, being the parts which are most in the

plane of the operculum, are conspicuous as dark lines on the

opercula in an ordinary dry preparation seen from above. In

the present species, which is characterised by the delicacy of

its opercula, the lines c and ^ can be seen in a dry prepara-



246 STDNKY F. HAIiMER.

tion from above. The free edge d is in most species some-

what thickened, so that the first impression, in examining a

transparent preparation, is that the main sclerite bifurcates

proximally into two limbs, one of which is really the base

line of the sclerite, the other its free edge. The intermediate

oblique portion of the sclerite may be so thin as to appear to

be a foramen ; but in some cases at least I have satisfied

myself that the apparent foramen is merely a thin part of

the sclerite.

A feature of the b operculum of S. lateralis, to which

attention must specially be directed, is the absence of a

basal sclerite, this being indeed the only species in which I

have found this condition to occur in the b opercula.

The general structure of the a opercula (fig. 19) is very

similar to that of the b form. The differences are— its

smaller size and greater relative breadth ; the absence of

teeth ; and the somewhat more distal position of the occlusor

tubercle. As this type of operculum does not appear to differ

widely from those of other Cheilostomes, I describe it in the

present paper as " undifferentiated."

The diameter of the b opercula is about 515 fx, and that

of the A opercula about 415 yu.

2. S. sulcata, n. sp. Figs. 2, 14—17, 28, 29.

Steganoporella magnilabris, Hincks, 'Ann. Nat. Hist.'

(5), xiii, 1884, p. 358; ' Journ. Linn. Soc.,' xxi, 1889,

p. 130.

Cryptocyst joining the basal wall, angulated and thickened

at the commencement of the descending portion. Tube

short, its opening vertical and completely separated from the

basal wall. Median process variable, usually broad and with

a shallow cavity, the deepest part of which is a median lon-

gitudinal groove (hence sulcata) ; or narrow and y-shaped.

b opercula rare, with D -shaped main sclerite; submarginal

teeth well developed, sometimes long and weak, confined to
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the distal half of the operculum^ which has a distinct basal

sclerite. a opercnla with two strong teeth on the distal

part of the main sclerite ; the teeth sometimes vestigial.

Back of the zooecium showing the insertion of the cryptocyst,

distal to which the basal wall is commonly thin, so as to form

a rounded fenestra, through which the tube is visible.

{a) Isle des Neufs, Arairante Is,, Indian Ocean, Voy.

" Alert,^' 15 fathoms (B. M., 82.10.18, 88).

{b) Darros I. (Amirante Is.), Voy. " Alert," 22 fathoms

(B. M, 82.10.18, 125).

(c) Galle Point, Ceylon, Dr. Ondaatje (B. M., 85.7.27, I).

{d) Mergui, Burmah, Hincks Coll. (B. M., 99.5.1, 28).

(e) Mergui, Burmah, Dr. Anderson (B. M., 85.12.29, 10).

(/) [Possibly N. Australia.] "On Avicula margari-
tifera" (B.M.).

All the specimens are encrusting. The largest, from

Darros Island, encrusts the greater part of a cylindrical piece

of coral limestone, about 85 x 30 mm. The existence of the

specimen (d) in the British Museum collection enables me to

state that " S. magnilabris" recorded by Hincks from the

Mergui Archipelago belongs to this species.

S. sulcata appears to be closely allied to S. lateralis,

from which, however, the characters of the tube ai*e sufficient

to discriminate it. The opening of the tube is circular and

complete, and it is often well separated by a portion of the

descending cryptocyst from the basal wall, a large part of

Avhich is visible from above. A median vertical calcareous

wall usually rises from the roof of the tube, and tyjjically

diverges above into the two flanges which are seen to unite

in the median groove (fig. 2) which is one of the most strik-

ing features of the species. A transverse section through

the tube and its annexes could accordingly be represented

by a circle on which is standing a short-legged Y with very

divergent arms. On the analogy of S. alveolata (see p. 229)

it may be confidently stated that the tentacle- sheath passes

through the opening of the tube round the distal end of the

median process. The transverse distal border of the latter is

VOL. 43, PART 2. NEW SERIES. S
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accordingly connected witli the opening of the tube by a pair

of nearly vertical flanges, which are situated in a transverse

plane; thus forming a smooth surface over which the tentacle-

sheath can glide easily in its movements of eversion and

retraction. In the type-specimen (a) the distal margin of

the tube is produced into two strong horns, which curve

downwards towards the basal surface. It is probable that

these serve as the point of origin of muscles or ligaments

which regulate the movements of the tentacle- sheath.

In some cases (particularly in specimen d) the origin of the

tube from the cryptocyst is almost as asymmetrical as in

S. lateralis, though without the deep sinus of the latter.

Tin's condition is not so easily observed in other cases.

In the specimens (/) and (d) tliere are some interesting

variations in the median process. In some zooecia this struc-

ture has the typical form (as in fig. 2), being broad and markedly

silicate. At the opposite extreme the process is T-shaped

(fig. 29) as seen from above, with nearly transverse distal

border, ending in a sharp point on each side, a linear lon-

gitudinal portion connecting the distal border with the

descending cryptocyst. Even in extreme cases the linear

portion slightly widens proximally, and an indication of the

longitudinal groove can usually be made out here. All

stages exist between this condition and the typicnl sulcate

form.

The edge in this species is but slightly raised. The post-

oral shelf is narrow, especially proximally, and is sharply

separated from the cryptocyst ; it is continuous with a thick-

ened tubercular portion which runs along the angulated part

of the cryptocyst. The transverse thickening is not quite

complete medianly in the single B zooecium (fig. 2) which has

been examined. This differs from the a zooecia in the

greater size of the distal or subopercular cavity. The oral

shelf is quite absent. The condyles for the origin of the

hinge of the operculum are conspicuously long, and at right

angles to the lateral walls of the zooecium. The oral arch is

^ moderately raised above the level of the epitheca. The
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cryptocysfc is not much depressed proximally, and is thick,

with rather large pores. Some asymmetry in the floors of

the two lateral recesses is not uncommonly noticed; and the

asymmetiy, when present, is indicated on the basal wall.

This is usually very characteristic, and is distinguished by

the occurrence of a large distal region, limited proximally by

the insertion of the cryptocyst, and often covered by a wall

which is much thinner than the rest of the basal wall, so that

the tube is clearly visible through the fenestra thus formed.

In the single b zooecium examined the descending part of

the cryptocyst meets the basal wall and the two lateral walls

at a long distance from the distal wall. The epithecal

sclerites are rather long and conspicuous, and start from the

base of the operculum. The epitheca is thin and trans-

parent.

The single b operculum examined of the t^^pe-specimen

(fig. 14) has eight well-developed teeth, most of which are

conspicuously long, and apparently weak and flexible. They
are confined to the distal part of the submarginal sclerite,

which fades away proximally. The main sclerite is D-shaped,

and the operculum has a distinct basal sclerite. The a oper-

cula (fig. 15) have two very conspicuous distal teeth on the

main sclerite. The sclerite/, which acts as a buttress to the

proximal projection of the main sclerite, appears in this

species at least to be a hollow prolongation of the main

sclerite which runs into the chitin of the outer surface of the

operculum.

The opercula of this species are as variable as the calcare-

ous parts. While those of the specimens (&) agree with the

type-specimen except in having somewhat shorter teeth in

the A form, those of specimens from other localities are

somewhat different. The b opercula are always rare, and I

have been able to examine only one of specimen {d) and one

of (/). In the former (fig. 16), from the Mergui Archipelago,

there are nine stiff erect teeth, the distal ones being long;

the edge of the main sclerite is at a considerable distance

from the border of the operculum. The teeth of a are
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shorter than in the type, and barely project beyond a slight

web-like lamella which connects them along the distal part of

the main sclerite. In f, possibly from N. Australia, the b

operculum (fig. 17) is short and broad,^ its main sclerite

otherwise resembling that of the type, but it has only four

teeth, which are stout and erect. The teeth of a are vesti-

gial, and their web-like connection is just indicated.

A mounted fragment of specimen (&) shows a curious

abnormality. One of the zooecia is unusually large, and has

a twin operculum, formed of two halves, each of full size,

with its own convex border ; but the two are united laterally,

their main sclerites being here continuous as well as the rest

of the opercula. The zocecium has a partial calcareous

septum dividing the proximal part only of the cryptocyst

into two halves. This septum is in the line of union of the

two halves of the operculum, as is also the single median

process of the zocBcium. The growing edge of the colony

had at this point met another lobe of the same colony. The

interference thus produced probably resulted in the imperfect

longitudinal division of this part of the growing edge. The

double zocecium is separated from the point of union of the

two lobes by two imperfect zooecia, without orifices or median

processes.

The diameter of the b opercula is about 460 fx ; that of the

A opercula averages about 470 ju, the extreme measurements

taken being 350 fx (/) and 540 fx (b), both these extremes

departing considerably from the mean of their own specimen.

3. S. tubulosa, n. sp. Figs. 3, 22, 23.

S. magnilabris, Hincks,^ 'Ann. Nat. Hist.' (5), viii, 1881,

p. 7; and (5) ix, 1882, p. 123 ("Bass's Straits").

Cryptocyst joining the basal wall, angulated and often

' Considerable variations oecnr in other species in the relative breadth of

the opercula.

' It may be presumed that Mr. Hincks's remarks refer to the specimen

here described.
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much thickened at the cominencemeiit of its descending

portion, which is usually far from the condyles. Tube origi-

nating far below the angle of the cryptocyst, conspicuously

long, with a complete wall well raised above the basal wall;

its opening nearly vertical. Median process formed by

distal and lateral upgrowths from the roof of the tube, which

is largely exposed as the floor of the wide cavity of the

median process, b opercula rare, broad and short, with

strong ri-shaped main sclerite, the insertion of the occlusor

muscle being unusually elongated. Submargiual teeth ves-

tigial. A opercula relatively small, weak, and undifferen-

tiated.

Curtis I., Bass Strait (Hincks Coll., B. M., 99.5.1, 29).

The specimen to which this description refers is a large

Escharan or bilaminar plate, about 70 mm. long, probably

part of a larger colony. The surface is undulating, and

although no secondary plates are given off, one is apparently

developing as a ridge near the peripheral edge. Mr. Hincks

had merely labelled the specimen "Curtis,'^ but this, as I am
informed by Mr. Kirkpatrick, is Curtis Island in Bass Strait.

The conspicuous features of this species are the extremely

long tube (fig. 3) and the great length of the post-opercular

(proximal) part of the zooecium, due in large measure to the

distance by which the condyles are separated from the base

of the median process. The Escharan habit should not be

left out of account. I am inclined to think that Smitt,

Hincks, and others have gone a little too far in denying the

value of the characters of the zoarium in distinguishing-

species.

The edge is unusually high, and is the summit of a ridge,

triangular in transverse section, which is sharply separated

laternlly from the post-oral shelf. This is well developed,

tubercular, and rounded, and is well separated from the

cryptocyst. The oral shelf is smooth and narrow ; the con-

dyles are small, the oral arch well raised. The cryptocyst is

thick and tubercular, with small pores. It is sharply angu-
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lated where it begins to descend, and the angle is usually

greatly thickened by a tubercular transverse portion, which

may extend, in the middle, proximally so as to obliterate

some of the pores. The parts of the cryptocyst which bound

the lateral recesses are vertical. The tube is complete all

round, its wall being unusually well developed on its deep or

basal side. The opening is well raised above the basal wall

of the zooecium. The cavity of the median process is not

very deep, the convex roof of the tube forming its floor, and

being clearly exposed to view from above. The lateral and

distal boundaries of the cavity are well developed. A view

of the basal wall of the zooecia shows clearly the insertion

of the cryptocyst. The epithecal sclerites are short and deli-

cate, just overlapping- the angulated edge of the cryptocyst,

but not nearly reaching the operculum, b zooecia have not

been observed.

The B opercula (fig. 23) are very rare, and only three (one

of them damaged) have been found. They are short and

broad, and they agree in possessing a very strong fl-shaped

main sclerite, the insertion of the occlusor muscle being of

great size, and much elongated transversely. The proximal

projections of the main sclerite are much prolonged into

spout-like lobes, which are concave externally. The basal

sclerite is strong. This operculum is almost unique among

B opercula in having no submarginal ^ teeth, these structures

being, however, represented by vestiges, which are merely

inconspicuous rounded lobules. The a opercula (fig. 22) are

small, and belong to the undifferentiated type ; the buttresses

of the proximal projections of the main sclerite are well

developed. The average diameter of b is 530 ju, that of the

specimen figured being 560 fx. The average diameter of a is

420
f.1,

the range being from 370 to 470 fx.

' Tlie teeth do not always appear submarginal in the sketches. The

boiling with strong nitric acid is ])robably responsible for the disappearance

of the very delicate margin which I find in the opercula of many species (as

in fig. 38) outside the tooth-bearing sclerite. 1 believe this delicate margin

to be a normal feature of the opercula.
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4. S. simplex, n. sp. Figs. 7, 21.

Zoa3cia of large size. Cryptocyst joining the distal wall

close to its origin fi'oui tlie basal wall; angnlated audtliickened

laterally at the coniniencement of its descending portion.

Roof of tube sbort, tliick-walled, and tubercular ; the opening

vertical and separated from the distal wall. Median process

not distinct from the tube, b zooecia not found. A opercula

with two strong recurrent teeth on the main sclerite.

Darros Is, (Amirante Is.). (B. M., 82.10.18, 125.)

This species is founded on a single encrusting fragment

removed from a dry preparation v/hich otherwise consisted

of S. sulcata. It differs from that species in its larger size,

in the fact that the cryptocyst joins the distal wall,^ and in

the remarkably simple character of the tube and median pro-

cess, the latter being indeed hardly distinguishable from the

tube. The edge is but slightly raised. The post-oral shelf is

boldly tubercular, deep, and descending steeply to the crypto-

cyst, which is thus a good deal depressed; the shelf is less

developed proximally. The oral shelf is present, but is narrow

and hardly tubercular. The condyles (for the hinge of the

operculum) are blunt and massive. The oral arch is strong

and moderately raised. The cryptocyst is thick, very tuber-

cular^ and with small pores ; its descent is oblique, though

with a steep slope. The tube is not much more than a mere

perforation in this oblique partition, its upper border being,

however, developed into a short but massive and tubercular

portion, which thus forms a spout-like prolongation of the

perforation in the cryptocyst (fig. 7). The tliickening of the

cryptocyst at the descent of the lateral recesses may slightly

extend on to the base and sides of this tube, thus giving rise

to a hardly appreciable concavity, which is all that can be

compared with the cavity of the median process. The epi-

^ A. larger quantity of material niiglit perhaps show that the union was

sometimes with the basal wall in the neighbourhood of the distal wall.
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thecal sclerites are long and conspicuous, and start from the

operculum. The epitheca is thick. The a opercula (fig. 21),

though resembling those of S. sulcata in the existence of

two distal teeth, differ from them in that the teeth are more

recurved. The base line (c) of the main sclerite bends

inwardly, at its proximal end, much nearer the occlnsor

tubercle than in S. sulcata. The operculum figured

measures no less than 610 ju in diameter.

5. S. connexa, n. sp. Figs. 6, 18.

Zocecia of large size. Cryptocyst joining the distal wall

close to its origin from the basal Avail, not augulated at the

commencement of its descending portion in young zooecia,

thickened and angulated in old zooecia. Roof of tube long,

greatly developed, the opening nearly vertical, invisible

from above, separated from the distal wall. Cavity of the

median process shallow, its walls being all strongly tuber-

cular. The distal border of the median process is thick, and

joins the condyles ; the sides are greatly developed wings,

slightly convex above, and unite with the sides of the zooecium

in such a way as to leave two foramina or '^ opesiules
"

on each side for the passage of tendons.^ a zooecia not

found. B opercula broad and strong, Avith strong submar-

ginal teeth which begin not far from the base of the oper-

culum.

John Adams' Bank, H.M.S. '' Herald," Busk Collection

(B. M., 99.7.1, 408).

There is some uncertainty with regard to the position of

" John Adams' Bank," a locality from which, as Mr. Kirk-

patrick informs me, a number of specimens in the Busk col-

lection were obtained. The slide with this label contained

not only a specimen of S. connexa (the only one I have

seen), but also one of S. magnilabris. Busk. The latter

' These were actually made out, passing through the opesiules.
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species has a wide distribution, but the specimen in question

more closely coi-responds with those from the West Indies

and Abrolhos I. (coast of Brazil) than with any others I have

seen. A slide in the Busk collection at the British Museum
(referred to on page 176 of the ^'Challenger Eeport/'

part xxx) is labelled " John Adams' Bank, North Atlantic,"

as I am informed by Mr. Kirkpatrick ; while the Bank is

said to be in the South Atlantic on page 36 of Part III of

the British Museum Catalogue of Polyzoa. I am indebted

to Mr, Kirkpatrick, to Captain Tizard of the Hydrographic

Department at the Admiralty, and to Captain Froud of the

Shipmasters' Society, for much trouble which they have

taken in trying to elucidate this point. Although there is

an Adams Rock at Pitcairn Island, I am satisfied, as the

result of a letter received from Captain Craig, of the U.S.

Hydrographic Office, that the Bank is identical with the

'^ Victoria Bank " (S. of Abrolhos I.) of our own Admiralty

charts. The discovery of this Bank by the U.S.S. "John
Adams" is announced in the 'Nautical Magazine,' 1850,

p. 186, and Captain Craig informs me that the name ''John

Adams Bank" is still employed in a publication^ of the

" Service Hydrographique de la Marine " at Paris.

The species appears to be a well-marked one, the connection

of the lateral walls of the median process with the sides of the

zooecia (fig*. 6), and the consequent formation of two distinct

" opesiules " on each side, being- particularly noteworthy.

The species has a robust appearance. The epitheca and the

opercula are thick and strong, and the calcareous parts a-re

no less strongly developed.

The edge is but slightly raised, and is separated by a slight

groove from the post-oral shelf. This is massive, deep, and

coarsely tubercular, being strongly developed even proximally,

where the shelf is narrow in several of the other species.

The oral shelf is narrow and smooth. The condyles are

' ' Instructions Nautiques . . . Bresil,' by Mochez and Roqueniaurel,

1890.
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strong, aud ankylose with tlie distal margin of the median

process^ thereby forming an unusually massive support for

the base of the operculum. The oral arch is well raised.

The cryptocyst is sharply separated from the post-oral shelf,

and is slightly tubercular. The pores are small, and do not

usually occur on the part of the cryptocyst which descends

into the median process, being here obliterated by a tuber-

cular calcareous thickening. The tube is complete, though

the only part of its wall which is well developed is the upper

part. The lateral parts of the wall are very low, while

basally the tube is a mere perforation in the oblique crypto-

cyst. The epithecal sclerites are minute and widely separated

from the operculum. They are probably small, because the

epitheca generally is so thick that it is strong enough to

withstand the pull of the depressor muscles without differen-

tiating special sclerites. In the dry condition a somewhat

complicated appearance of sclerites seems to be present in

the epitheca. As these cannot be seen in Canada balsam

preparations, I have convinced myself that they are due to

the crumpling of the epitheca during drying.

I have found only one form of operculum (fig. 18) ; the

similarity of these to the b opercula of S. sulcata (and

particularly to that of specimen /) induces me to regard them

as belonging to the b type, in which case we have here the

unique peculiarity of a species in which the b opercula alone

are known. In the absence of any certain evidence as to the

meaning of the dimorphism of Steganoporella, it is not

impossible that some species consist of two kinds of colonies,

in one of which the a form of zooecium preponderates or is

alone present, and in the other the b form. If this were the

case it would not be inconceivable that S. connexa might

be the second form of S. simplex or S. auriculata, for

instance. The supposed species are not unlike in some

respects ; but I do not think that they are really related in

this way.

The cliitin of the opercula, and in particular that of the

sclerites, is thick and dark- coloured. The occlusor tubercle
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is situated rather more distally than in most species. The

submargiual teeth are strong, and are borne on a distinct

sclerite, which commences near the base of the operculum.

Their number varies from about thirteen to about twenty,

the proximal ones being minute. Eighteen may be regarded

as the average number. The operculum is always broader

than long, though the disproportion between the two measure-

ments is sometimes a good deal less than in fig. 18. The size

varies as much as the shape, but without altering the general

characters of the operculum. The diameter varies from 450

to 700 fi, that of the specimen figured being 570 fi, which is

almost exactly the average of the specimens measured.

(ii) B Opercula apparently wanting. a Opercula
with four teeth on the main sclerite, the

proximal pair being derived from the occlusor

tubercle.

6. S. auriculata, n. sp. Figs. 8, 24.

Cryptocyst inserted near the junction of the distal and

basal walls, usually joining the distal wall, but sometimes

joining the basal wall ; not angulated at the commencement
of its descending portion. Median process with enormous

auriculate lateral wings; uniting distally with the large con-

dyles, which project into the subopercular space as con-

spicuous points. A curved " opesiule,'' for the passage of

tendons, is thus formed on each side. The opening of the

tube is nearly vertical, and is invisible from above. Cavity

of median process very broad above, diminishing almost to a

point below, b zocecia not found, a opercula with four

enormous teeth on the main sclerite ; a broad and excessively

strong transverse, sub-basal sclerite connecting the bases of

the two proximal teeth.

Madagascar : T. W. Waters^ Esq. (B. M., 84.11.18, 1).

The specimens of this species are— (a) an imperfect colony

on a red seaweed, Hemescharan in character, forming an ex-

panding flattened collar which encircles the narrow stem of
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the seaweed, and measures about 20 mm. iu lengtli by about

6 mm.; the orifices are on the outer side of the collar; (b)

slides which have been prepared from this specimen.

This species cannot well be confused with any other ; the

great auriculate median process (fig. 8), uniting distally with

the condyles, the four strong opercular teeth (fig. 24), and in

particular the immense sub-basal sclerite, make this species

one of the most distinct which I have had the opportunity of

examining.

The edge is hardly raised. The post-oral shelf is deep,

massive, and tubercular, being well developed even proxi-

mally. The oral shelf is narrow and smooth. The condyles

are long, and meet the distal border of the median process,

projecting as well-defined points into the distal chamber of

the zooecium. The oral arch is thick and not much raised.

The cryptocyst is sharply separated from the post-oral shelf,

and its horizontal portion is nmch depressed, tubercular, and

(when old) with small pores. It slopes very steeply but

without angulation into the cavity of the median process.

The tube is incomplete distally, its low lateral walls joining

the distal (or basal) wall, by which the tube is completed.

The cryptocystal boundary of the lateral recesses is nearly

vertical. The back is tubercular, and is too thick to be trans-

parent. It is covered by a thick epitheca, which is con-

tinuous with a chitinous layer that separates the vertical

calcareous walls of adjacent zooecia, and is itself continued

into the epitheca of the free surface. The uncalcified part

of the vertical wall being relatively thick, some of the zooecia

of an incinerated specimen appear completely separated from

one another laterally, each having its own wall. The epitheca

is thin and the epithecal sclerites are long, and start from

the operculum, b zocecia have not been observed. The A

opercula (fig. 24) are very strong, broader than long, with

four great teeth on the main sclerite and an enoi-mous sub-

basal transverse sclerite between the two proximal teeth.

When seen from above, in a dry preparation, the opercula

show a specially dark line at g, aud another, not quite so
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dark, indicating- the base of the tooth-bearing or main

sclerite. Both these dark lines are in the plane of the outer

surface of the operculum, and g is accordingly the origin of

the sub-basal sclerite (seen from the inside in fig. 24). The

real form of the sclerites can be well made out in these large

and thick opercula in dry specimens seen from the inner side.

The edge h of the sub-basal sclerite stands up above the

surface in this view, the sclerite sloping from its origin g
obliquely to its most prominent part h. This is continued

into the projecting proximal spout i, in which each of the

halves of the main sclerite ends. The proximal tooth of

each side is connected by a buttress with the distal end of

the sub-basal sclerite. The main sclerite is very convex on

the proximal side of the proximal tooth, sloping from here to

the base of the operculum, where the main sclerite runs into

the general level of the operculum. In optical sections of

Canada balsam preparations the proximal part of the main

sclerite appears as two parallel bars, the most prominent

part being thinner than its sides.

The edge h of the operculum rests on the distal border of

the calcareous median pi'ocess, the projecting points of the

condyles fitting into the angles where h turns proximally.

The opercula do not vary much. Their average diameter

is about 550 ju, the size of the specimen figured.

7. S. neozelanica. Busk.

Synonyms of Typical or Vincularian Form. Figs. 4, 25, 30.

Vincularia neozelanica. Busk, 'Quart. Journ.Micr.

Sci.' (N. S.), i, 18G1, p. 155, pi. xxxiv, figs. 5, 5 a;

and 'Chall. Rep.,' pt. xxx, 1884, p. 76; Hutton,

'Man. New Zealand Mollusca,' 1880, p. 189.

Steganoporella neozelanica, Hincks, ' Ann. Nat.

Hist.' (5), ix, 1882, p. 119, and (6), xi, 1893, p.

175 j Waters, "^ Quart. Journ. Geol. Soc.,' xli,

1885, p. 292, and xliii, 1887, p. 50; 'Chall. Rep.,'

pt. Ixxix, 1888, p. 14, pi. ii, fig. 32 (or ? var.
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magnifica); Hutton, 'Trans. Proc. N. Zealand

Inst./ xxiii, 1890, p. 104.

Synonyms of Encrusting Form (var. magnifica^ Busk,

MS.) (figs. 5, 26).

Membranipora magnilabris, Hutton, 1. cit., l!

p. 190.

Steganoporella neozelanica, Hiucks, 'Ann. Nat.

Hist.'" (5), ix, 1882, p. 119; Waters, 'Quart.

Journ. Geol. Soc, xliii, 1887, p. 50.

S. magnilabris, Busk, 'Challenger Rep.,' pt. xxx,

1884, p. 75 (Tongatabu); Hutton, 'Trans. Proc.

N. Zealand Institute,' xxiii, 1890, p. 105,

Cryptocyst inserted into the basal wall, angulated and

slightly thickened at the commencement of its descending

portion. Median process with a spreading border, its cavity

very deep, vertical, narrow above, but expanding transversely

until it equals the diameter of the tube at its junction with

the latter. Opening of the tube vertical, usually surrounded

by the descending part of the cryptocyst, but sometimes

completed by the basal wall, b zooecia not found, a opercula

with four strong teeth on the main sclerite, and with a more

or less complicated system of additional sclerites.

Vincularian Form.

(a) New Zealand, Mr. Busk (0. M.).

(h) New Zealand (Wanganui, Napier), Miss E. C.

Jelly (C. M., 24.5.95).

(c) New Zealand (Hawke's Bay), Hincks Coll. (C. M,,

13.5.99).

Var. magnifica.

(a) New Zealand (Napier, Foveaux Straits, Stewart

Island), Miss E. C. Jelly (C. M., 24.5.95).

(b) Tongatabu, Sir E. Home, Busk Collection (B. M.,

99,7.1, 400, 401).



A REVISION OF THE GENUS STEGANOPOEELLA. 261

I have found great difficulty in deciding whether the

encrusting species of Steganoporella which is common in

New Zealand deserves to be ranked as a species. For the

present I shall descinbe it as var. magnifica, a name which

I have found on two slides^ from Tongatabu, in the Busk

collection at the British Museum.

In the diasrnosis I have chosen those characters which

are common to the two forms. I now give a description of

the typical form, indicating later the special characteristics

of var. magnifica.

The Vincularian form grows from a mass of stout, chitin-

ous rootlets, which give off a number of cylindrical, unjointed

shoots, the largest of whicli, in the Cambridge collection, is

36 mm. long. The zooecia open all round these shoots. They

are arranged in the usual longitudinal rows characteristic of

Steganoporella, but their basal wall tends to be reduced

to a longitudinal line occupying the axis of the shoot. If

this result were actually arrived at the zooecia would be

three-sided prisms, all reaching the centre. There is, how-

ever, a considerable amount of irregularity in this respect, the

arrangement being indicated by fig. 30, which represents

part of a transverse section of the cylindrical shoot.

The mode of growth of these groups of cylindrical stems,

united by a common mass of roots, does not seem to have

been described. Although I have not quite complete proof

as to the details, I have very little doubt as to what really

happens. The cylindrical stems are unbranched, except for

the fact that at their base, just where they join the mass of

rootlets, many of them give off a small offset. This offset

may reach a length of as much as about 5 mm. At this stage

the connection of the offset with the parent stem is becoming

weak, no doubt by an absorption of some of the calcareous

matter. The oifset is already directly connected with the tangle

of rootlets, and is ready to break olf as an independent stem.

This offers an interesting parallel to the mode of jointing

' A third slide, of uncertain locality, labelled by Mr. Busk as S. magni-

fie a, belongs to S. ni agniiabris.
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which hcas been described by Loraas ^ inCellaria fistulosa.

The young branches in this species, as in Crisia and doubt-

less in other jointed Polyzoa, arise as outgrowths of the older

branches, formed of zocecia which are at first rigidly connected

with their parents. By the " breaking " (no doubt accom-

panied by some absorption of the calcareous walls) of the

base of these zooecia a joint is formed, the broken ring dis-

playing chitinous tubes beneath, which connect the young

branch with the older one.

The rootlets of S. neozelauica are probably compara.ble

with the connecting tubes of other jointed Polyzoa, although

they are continuous with the external epitheca. Assuming

the correctness of Nitsche^s account already referred to,- the

connecting tubes of Cellaria may be regarded as formed

from the chitin which is left on the inner side of the calcareous

wall by the calcification of the middle lamella only of the

original chitinous ectocyst. S. neozelanica is thus to be

regarded as a jointed species -, and if what has been said

above with regard to the arrangement of the zooecia is correct,

the group of tubes may be derived from an originally Escharan

(bilaminar) colony, with narrow branches given off in a pal-

mate manner, a longitudinal division of the colony taking

place with the formation of each fresh branch.

The edge of the zocecia is very slightly raised, and slopes

continuously into the post-oral shelf. This is finely tuber-

cular, and often slopes continuously into the cryptocyst. The

oral shelf is represented by a mere line. The condyles are

small. The oral arch is thick, and practically not raised

above the level of the epitheca. The cryptocyst is thick and

tubercular, not much thickened at the commencement of its

descent, which is angulated and at right angles to the proximal

portion. The cavity of the median process is very deep, its

upper opening usually in the form of a longitudinal slit, the

cavity widening regularly as it descends until it reaches the

same transverse diameter as the tube where it joins this

' ' Proc. Liverpool Biol. See.,' iii, 1889, p. 219.

2 See p. 227.
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structure. The periphery of the median process is everted.

The cavity of the process, when seen from the distal side

(fig. 30), is thus like a ilask with a narrow neck and a spread-

ing mouth. The tube (t.) is little more than a circular open-

ing in the vertical cryptocyst. The opening is large, and

commonly of the same width as the zooecium itself at this

level. While it is usually separated from the deepest point

of the zooecium by a part of the cryptocyst, its lateral

boundaries are formed by the lateral Avails of the zooecium,

an arrangement peculiar to this form. In some cases the

tube may, however, occupy the entire deeper part of the

zooecium. Each lateral wing of the median process commonly

comes into contact with a tooth given off from the lateral part

of the zooecium, thus limiting a complete '' opesiule " (fig. 4).

The lateral recesses (fig. 30, /. r.) have an unusual form.

They are completely vertical, and, sharing in the great depth

of the median process, they take the form of cavities which

appear triangular when seen from the distal side, their apices

being directed towards the axis of the branch.

The epithecal sclerites (fig. 4, e.s.) are rather short, and

do not quite reach the base of the operculum. No b zooecia

have been found. The a opercula (fig. 25) liave four well-

developed teeth on the main sclerite, which is massive, its

proximal ends projecting considerably as rounded, sometimes

trifoliate lobes. The area included within the semicircular

main sclerite is occupied by a complicated system of smaller

secondary sclerites. A varying number of longitudinal bais,

usually converging towai-ds the middle line, and uniting with

one another in various ways, start from a basal sclerite, and

are united by a more or less transverse sclerite, which joins

the main sclerite at its two ends, and may give off distally

irregular longitudinal sclerites, some of which may join the

main sclerite. This set of sclerites is highly variable. Each

is a girder-like thickening, like the other sclerites of the

operculum.

The size of the opercula is very constant, averaging about

450 fi. That of the specimen drawn is 500 ^,

VOL. 43, PART 2. NEW SERIES, T
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S. neozelanica, Busk, var. maguifica, Busk (MS,).

Figs. 5, 26.

The habit is encrusting, this variety covering large areas

and appearing to have a special fondness for oyster shells.

There are no I'ootlets. The basal wall is equal in size to the

upper wall, as in other encrusting species. The edge is more

distinct from the post-oral shelf, and the latter from the

cryptocyst, than in the Vincularian form. The oral shelf, as

in the latter, is represented by a mere line. The condyles are

not well marked. The oral arch is thick and more raised than

in the Vincularian form. The cryptocyst is thick, proximally

horizontal and tubercular, not much depressed, and it is

slightly thickened at the angle formed by the commencement

of its descent, which is vertical, the insertion being into the

basal wall. The pores are rather small. The opening of the

cavity of the median process is rounded or subtriangular,

not slit-like as in the Vincularian form, with which, however,

this variety agrees in the deep flask-shaped cavity of the

median process. The expanded mouth of the median process

does not meet the side of the zooecium, which has no tooth in

this position. The lateral recesses are bounded proximally

by a vertical portion of the cryptocyst. The tube is little

more than a circular perforation in the cryptocyst, being well

separated both from the basal and the lateral walls, and so

differing from that of the Vincularian form. As the opening

of the tube does not nearly reach the lateral walls of the

zooecium, the proximal boundary of the lateral recess is not

cut off by the tube from the deeper pai*t of the cryptocyst.

Tlie basal wall shows the insertion of the cryptocyst, which

marks off a distal chamber whose base is more or less semi-

circular or biconvex, the diameter of the semicircle (if of this

form) being constituted by the base of the distal wall of the

zooecium.

The epithecal sclerites are subparallel, nearly straight,

rather short, and do not reach the operculum.

The opercula (fig. 26) resemble those of the Vincularian
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form, having four well-developed teeth and a series of

secondary sclerites. The young operculum shows the main

sclerite only. The smaller sclerites consist of a basal

sclerite, an irregularly arch-shaped sclerite which is roughly

concentric with the main sclerite, and additional sclerites

starting from these two. One of these may start from the

arch-shaped sclerite opposite each of the four teeth, and

unite with the main sclerite in such a way as to pass beneath

its projecting edge and to form a buttress-like support for

the tooth. Although the pattern of the opercula is very

variable even in the same colony, there is usuall}^ a recognis-

able difference between these opercula and those of the

Vincularian forju, in which there is commonly a more or less

transverse secondary sclerite and a s^'stem of subparallel

longitudinal sclerites between this and the basal sclerite.

The proximal projections of the main sclerite of var.

magnifica are usually hook-shaped on their outer side, but

they commonly have a lobe on their inner side as well. The

most striking difference between this and the Vincularian

form is, however, the existence of numerous fine denticula-

tions on the outer side of the base of the main sclerite.

These appear to be constant in this variety, but I have seen

no trace of them in the typical S. neozelanica.

The size of the opercula is rather uniform. The average

diameter is about 550 in.

I am very doubtful whether this form should be regarded

as a distinct species, in which case Busk's MS. name

magnifica, affixed to the specimens fron Tongatabu, might

be regarded as the specific name. The difference in habit

between the Vincularian and the encrusting forms seems to

be constant. Some of the other differences, such as the

form of the basal wall, the boundaries of the tube, and the

shape of the lateral recesses, are directly connected with the

habit. Others, and in particular the denticulation of the

opercula, the pattern of the secondai-y sclerites, and the shape

of the median process, are not obviously connected with the

habit.
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S. neozelanica has formed the subject of several de-

scriptions. Hincks (1882) regards the encrusting and Yin-

cularian forms as varieties of one species, and shows that the

Vinciilarian habit cannot be regarded as a generic character.

Waters (1885) states, if I understand him correctly, that in

S. magnilabris the bifurcation of a longitudinal row of

zocBcia takes place on the distal side of a b zooecium : since

the Vincularian S. neozelanica grows in a form in which

there is no frequent multiplication of the rows, no b zooecia

are found. I do not think that this is an adequate explana-

tion of the absence of the b zooecia. It has been shown

above that they may be absent or excessively rare in en-

crusting species. It is, moreover, not the case that bifur-

cation of a row takes place only on the distal side o£ a b

zooecium; and these are not necessarily larger than the a

zooecia which are their neighbours. Waters in this paper

calls attention to the four teeth and the secondary sclerites

of the opercnlum of S. neozelanica. In 1887 Waters

uses the term "shelf" in describing Steganoporella.

Although he refers merely to what I have called the " oral

shelf," I have found it convenient to extend the term to the

thickened borders of the lateral and pi'oximal walls. The

diagrammatic longitudinal section given by Waters (1888) is

not quite satisfactory, inasmuch as the epitheca is omitted,

and the base of the operculum appears to be continuous with

the median process.

(iii) b Opercula with a A-shaped main sclerite. Oral shelf

well-developed, in b zooecia at least.

This group consists of species in which, for the first time

(with the exception of S. connexa in the previous groups),

the B zooecia are ordinarily so common that no difficulty is

experienced in finding them in even small fragments. Their

A-shaped main sclerite gives them a character which is quite

distinct from that of the first group of species. The two

halves converge distally, and after a longer or shorter parallel

con '"se diverge outwards in a curved line, to become continu-
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ous with the siibinarginal or tooth-bearing sclerite. In the

distal pai't of their course the space between the halves of

the main sclerite is Hoored by a transparent layer of cliitin

which has a sharp arch-like edge proximally (figs. 36, 41).

This space contains living tissue, as is shown by its behaviour

to staining reagents. It appears as a loop-shaped area, often

dilated distally, between the two parallel halves of the distal

region of the main sclerite. Each of these halves becomes

more and more prominent as it passes proximally, being pro-

duced on the proximal side of the occlusor tubercle into a

strong projection, which stands out to a considerable distance

beneath the upper surface of the operculum. The space

between this projecting edge and the more externally placed

base-line of the sclerite (on the proximal side of the occlusor

tubercle) often appears as a fenestra (cf. fig. 36), but is

more probably due to the fact that a thin vertical lamella of

chitin connects a broad base with a broad edge. There is

always a strong basal sclerite (h) ; and an oblique sclerite (o)

runs from the proximal projection outwards as an additional

buttress to this part of the operculum.

The projecting ends are for the insertion of a strong

muscle, as I hope to show on a future occasion. This type of

operculum differs widely from the b opercula of the first

group of species, and I can hardly doubt that it is of great

functional importance to the colony. The possession of this

highly characteristic operculum may be regarded as indicat-

ing the relationship of the species to other species similarly

provided. The submarginal teeth of these b opercula are

nearly always strong.

The median process of the b zooecia is usually obviously

narrower than that of the a zooecia. This is probably due to

the larger muscles of the b form, necessitating a wider

lateral recess, and a consequent compression of the median

process.

Several very distinct types of A opercula occur in this

group of species. I begin with the species in which these

opo'cula are still of the ^' uudiffeientiati'd^' type.



268 SIDNEY F. HARMEH.

8. S. haddoiii, n. sp. Figs. 11, 38, 39.

S. magnilabris, MacGilL, "Mon. Tert. Pol. Victoria,"

' Trans. Roy. Soc. Vict.,' iv, 1895, p. 53, pi. vi, figs. 14— 16.

B zooecia about twice as large as the a zocBcia. Crypto-

cyst descending gradually and slightly, without angulation,

joining the distal wall rather high up. Median process

wide,^ its distal border usually without pointed angles, its

cavity not very deep, the roof of the tube forming its distal

boundary rather than its floor. Opening of tube oblique,

clearly visible from above ; that of a zooecia usually com-

pleted by the distal wall, that of B zooecia entirely sur-

rounded by the cryptocyst. b zooecia with an enormous oral

shelf; their opercula usually longer than broad, the halves of

the main sclerite being close together and parallel for a con-

siderable distance distally, so that the sclerite is A -shaped

rather than A-shaped ; subraarginal teeth fine, recurved,

limited to the distal half of the operculum, a zooecia small

;

ral shelf evanescent or narrow ; their opercula undiffer-

ntiated.

(a) Torres Straits, Haddon Coll. (C. M., 24.2.98).

(6) Port Darwin, N.W. Australia, H.M.S. ''Alert" (B. M.

82.2.23, 512).

(c) Australia, Dr. J. E. Gray (B. M.).

(d) Australia (B. M.).

(e) Australia (B. M., 62.6.5, 18).

(/) Australia, Busk Coll. (B. M., 62.6.5, 18) ; marked by

Mr. Busk " S. magnilabris, var."

[Various localities, Victoria (Tertiary), MacGillivray.]

MacGillivray, who describes this form as a Tertiary fossil,

appears to be the only author who has noticed it. He
describes the b zooecia as having a shelf, which is seen from

his fig. 14 a to be large, and to form a distinct ogee arch.

The a zooecia have no shelf, or in some specimens a narrow

shelf. One specimen had a conical process on the back of

' Not so wide ill b zooecia, see p. 2G7.
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the zooeciuni (fig. 14 h), ''probably a modified radical tube."

The opening of the tube is well visible from above, being

shown in both A and b zocecia. These characters clearly

point to the species being identical with S. haddoni. Mac-

Gillivray suggests that his fig. 15 may be S. neozelanica.

The dimorphism of the zocecia, the large oral shelf of b, and

the obliquity of the opening of the tube make that determi-

nation improbable.

I name this species in honour of my friend Dr. A. C
Haddon, whose collection from Torres Straits formed the

starting-point of the present paper.

This species is probably of Hemescharan habit ; the largest

piece (c) measuring 36 X 33 mm. There is very little varia-

tion in the specimens I have examined. The zocecia are

commonly arranged with great regularity, and in some speci-

mens considerable parts of the colony are found in which

the arrangement is

—

B
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iiiterveiiino;- slight depressions between the longitudinal rows.

The back bears a moderate number of short cylindroid

calcareous papilhe. These are much more definite structures

than the irregular outgrowths found on the back of many
encrusting species which grow on irregular surfaces, Home

of them have a rounded termination, while others are trun-

cate ; this truncation suggests that the papillae may be con-

tinued into cliitinous rootlets, and one or two of the (dry)

specimens appear to show remains of these rootlets, which

are, however, much more delicate than those of the typical

form of S. neozelanica.

The edge is thin and much raised, passing gradually into

the post-oral slielf, which is usually very narrow, especially

proximally, though of considerable depth, and commonly

slopes gradually into the cryptocyst. The oral shelf is

narrow or vestigial in a zooecia, but of great horizontal

extent in the b forms, where it is finely tubercnlated, flat or

concave above, its free edge somewhat upwardly directed at

two distal points which more or less distinctly give it the

form of a trifoliate or ogee arch. The space above the shelf

is, however, to a considerable extent due to the fact that this

part of the zocecium overlaps the next zooecium on its distal

side, the curved transverse line (fig. .11 «) being the upper

end of the wall of separation between the cavity of the b

zooecium and that of its next neighbour distally. The oral

arch is not much raised ; it is rounded in A zooecia, quad-

rangular (with rounded distal corners) and parallel-sided in B.

The cryptocyst is thin, with large pores; it slopes gradually

and gently into the median process and the lateral recesses,

its slope often beginning from its proximal border, so that it

is hardly possible to speak of a horizontal portion as in most

of the species. From the cryptocyst which enters the median

process the upper wall of the tube usually rises without any

angulation. The descending part of the cryptocyst is, owing

to its slight descent, much more easily seen than in any of

the preceding species, and it entirely hides the basal wall of

the zocecium, except by deep focussing through the opening
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of the tube. The median process in a is broader than long
;

in B longer than broad. Its border is not much everted, nor

with pointed distal corners; and its cavity is shallow. The

tube in b zooecia is usually surrounded by the cryptocyst, its

low lateral walls sloping down distally, so that the distal

border of the tube has no raised wall. In a zocccia the tul)e

is incomplute distally, though its wall may be more developed

than in tig. 11. The lateral recesses commonly have a par-

tial roof, formed by a thin upstanding calcareous lamella

continuous with the lateral wing of the median process, from

which it passes proximally and then forwards on the outer

side of the lateral recess.

The epithecal sclerites are small and inconspicuous, sepa-

rated by a wide interval from the operculum. The b opercula

(fig. 38) are quite distinctive. They are of great size in pro-

portion to the A opercula; they are more or less quadrangular,

with rounded distal corners, and are usually longer than

broad. There are nineteen to twenty-four fine, long, sharp,

recurved teeth, borne on the distal half only of a thin sub-

marginal sclerite. The distal part of the A-shaped main

sclerite is formed of two long, prominent, parallel bars, the

loop between which is not much dilated distally. The chi-

tinous floor of this space ends at the proximal end of the

parallel portion, the space on the proximal side of its edge

between the diverging parts of the sclerite being triangular.

The occlusor tubercles are small. The proximal projections

are very prominent, and are somewhat everted with a con-

cavity on their inner sides. The basal sclerite is strong, and

the oblique sclerite well marked.

The A opercula (fig. 39) are of the '' undifferentiated

"

type, and closely resemble those of some of the preceding

species.

The diameter of the a opercula in the type specimen («) is

about 490 /i, and that of the b forms about 520^. Tlie a

opercula of specimen e average about 350 /<, and the b forms

about 450/'.
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9. S. buskii, n. sp. Figs. 13, 33—35.

Membranipora maguilabris (part), Busk, ' Brit. Mus.

Cat.,' ii, 1854, p. 62.

B zooecia much less than twice as large as a zooecia.

Cryptocyst descending gradually and slightly, without angu-

lation, joining the distal wall at a high level. Median process

wide and short in a zocEcia, much narrower in b, its distal

border usually produced into projecting points ; its cavity

shallow, limited beneath by the descending cryptocyst, and

distally by the roof of the tube. Opening of tube nearly

horizontal, entirely visible from above, completed by the

distal wall in both a and b. Oral shelf not mnch more de-

veloped in B than in A. b opercula with A-shaped main

sclerite, with numerous small submarginal teeth, sometimes

vestigial, the series beginning near the proximal end of the

operculum. Parallel portions of the halves of the main

sclerite of moderate length, the arch formed by the proximal

parts wide and evenly rounded, a opercula undifferentiated.

(a) Port Elizabeth, Cape Colony, Miss E. C. Jelly

(C. M., 24.5.95).

{h) Algoa Bay (three slides), Busk Coll. (B. M., 99.7.1,

404—406).

{cj Shahr, South Arabia (B. M., 94.6.13, 7a).

{d) Reef in Talisse Island, North Celebes, Professor

S. J. Hickson (C. M.).

(e) Thursday Island, Torres Straits, four fathoms,

H.M.S. " Alert " (B. M., 82.2.23, 512).

(/) Australia (B. M., 50.8.23, 9).

This species is named in honour of Mr. Busk, to whom the

first description of a species of Steganoporella is due.

The examination of the three slides (h) from Mr. Busk's col-

lection in the possession of the British Museum shows that

the original description of S. magnilabris (but not the

figure) was based on two distinct species.
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The characters of this species are sufficiently well marked^

though it is distinguished by a considerable amount of varia-

bility. It is encrusting or Escharau, possibly sometimes

Hemescharan. The slight descent of the cryptocyst is shared

only by S. haddoni, and to a less extent by S. truncata.

The combination of a b operculum thickened in a A-like

manner with an '^ undifferentiated" a operculum is only found

in S. haddoni of the species at present known; and this

differs from S. buskii in the great relative size of the b

zooecia, and their enormous oral shelf, besides many details

in the b opercula, and in particular the restriction of the

teeth to the distal half.

The edge is thin and rather distinctly separated from the

post-oral shelf, which is narrow, small proximally, and is

covered by sharp tuberculations which ma}' give it a denti-

culate appearance. The oral shelf is not much more de-

veloped in B than in A. The condyles are conspicuous in b,

smaller in A. The oral arch is well raised ; a transversely

elongated fenestra (or semi-transparent part of the distal cal-

careous wall) within the oral arch in a and b is conspicuous

in some specimens (a), and indicates the extent to which the

zocecium overlaps the next in the series. The cryptocyst is

sharply separated from the post-oral shelf ; it is thin, with

conspicuously large pores, and slopes gently, without any

angulation, into the cavity of the median process and the

floor of the lateral recesses. Some specimens show the

cryptocyst in a very simple condition. Its descent in (c) is

unusually slight, and there is nothing to distinguish the

commencement of the floor of the lateral recesses except the

cessation of the pores of the horizontal part. The median

process, although of the typical form, is small and has an un-

usually shallow cavity, whose floor is nearly in the same plane

as that of the lateral recesses. The margins of the median

process are not continued to form a proximal boundary to

the lateral recesses. The opening of the tube is entirely

visible from above ; it is nearly circular, completed as usual

by the distal wall, its lateral walls being so low as to appear
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like a narrow border on each side of the opening. Tlie a

opercula of this specimen are perfectly typical, and two b

opercula found, so far as can be seen in the dry preparation,

are in no way remarkable. The specimen has much less than

the normal proportion of b zooecia.

The South African specimens (a, h) show the simple cha-

racter of the cryptocyst in a somewhat less marked way.

The sides of the median process are usually continued

obliquely across the proximal border of the lateral recesses

as far as the sides of the zooecia, though fading away to a

mere line before they reach this part. The lateral recesses

are thus sharply outlined; their floor is at a hardly deeper

level than that of the cavity of the median process, and its

plane is somewhat different, since it slopes basalwards as it

passes from the tube to the side of the zooecium. In a few

cases a distinct curved line, with its concavity towards the

median process, runs transversely across the cryptocyst from

one lateral recess to the other. The part of the cryptocyst on

the distal side of this line is thin-walled, transparent, and

usually without pores. I can oifer no suggestion Avith regard

to this appearance, which may have bearings on the function

of the median process. The difference in the size of the

lateral recesses in a and b is striking, indicating a diffei'ence

in the development of their muscular system. The opening

of the tube is usually narrower distally ; its sides meet the

distal wall in a highly characteristic way ; they are alike in

both A and b, and the first impression produced by examining

them without sufficient focussing is that of a line on each side

of the opening fixed to the distal wall by an expanded foot.

The lateral wall of the tube is, in fact, somewhat expanded

and thickened Avhere it joins the distal wall. The tentacle-

sheath, in its passage through the tube, must lie in contact

with the distal wall, instead of being separated from it, as in

some other species, by a part of the cryptocyst. The basal

wall of the zocEcium is not visible from above, except by deep

focussing through the opening of the tube. The back shows

merely the origin of the four vertical walls. The proximal
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oi' distal wall, on the contrary, shows two curved obliquely

horizontal lines (fig. 33) corresponding with the insertion of

the floors of the two lateral recesses.

The epithecal sclerites are short, uearl}- straight, distant

from one another, and not nearly i-eaching the operculum.

The B opercula (fig. 34) have about thirty submarginal

teeth. The series begins not far from the base of the oper-

cukmi, and the teeth are short and small, or even vestigial.

The submarginal sclerite is not sharply defined, and the

parallel part of the main sclerite projects but little above the

general level of the operculum. On the proximal region of

this part the halves of the main sclerite diverge so as to form

a bold arch, which is completed distall}^ by the edge of the

chitinous portion which connects the two parallel parts of

the bar. The projecting proximal ends of the sclerite are

less everted than those of S. haddoni. The basal and

oblique sclerites are well developed. The a opercula (fig. 35)

are of the '' undifferentiated " type.

This species is a somewhat variable one. The Fort Eliza-

beth specimens (a) are bilaminar, while that from North

Celebes {d) is encrusting. The zocecia of the South African

forms (ft, b) are larger than those from other localities, and

their opercula are more robust. There is considerable varia-

tion in the form of the opercula. The R form shown in fig. 34

may be regarded as a long one, as it is considerably longer

than broad ; others, even of the same colony, being relatively

much shorter and even a good deal broader than long. In

these cases the parallel portion of the main sclerite is shorter

than in fig. 34. The specimen (e) from Torres Straits has

conspicuously short and broad b opercula.

The diameter of the opercula (in /x) is as follows :
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10. S. truncata, n. sp. Figs. 9, 36, 37.

S. magnilabris, Busk, 'Challenger Report/ pt. xxx,

1884, p. 75 (Port Dairy inple) ; MacGillivray, in

McCoy's ' Prodr. Zool. Vict./ vol. i, decade 6,

1881, p. 43, pi. Ix, fig. 1; and 'Trans. Roy. Soc.

Victoria,' xxiii, 1887, p. 208.

B zooecia hardly larger than a zooecia. Cryptocyst descend-

ing rather steeply, without angulation, to join the distal wall

at or below half its height. Median process well developed,

usually with rounded distal angles, and with deep cavity into

which the cryptocyst descends steeply, the roof of the tube

being visible in its floor. Opening of tube oblique, entirely

visible from above, completed by the distal wall, or complete

and separated by a narrow portion of the cryptocyst from the

distal wall. Oral shelf well developed in both a and b, not

tubercular. Oral arch of B semicircular, of A truncate, and

usually slightly concave distally. B-opercula very strong,

with A-shaped main sclerite, and with about twenty sub-

marginal teeth, all except a few of the proximal ones being

stout, long, and nearly erect. A opercula transversely oblong-,

with rounded, corners ; a strong tooth on the main sclerite

not far on the distal side of the occlusor tubercle, and a

strong basal sclerite.

(ft) Victoria (Port PhiUip, etc.), Miss E. C. Jelly (C. M.,

24.5.95).

(h) Victoria, Hincks Collection (CM., 13.5.99).

{c) Victoria, Prof. W. Baldwin Spencer (CM., 1899).

[d] Port Dalrymple, Tasmania, voyage ''Rattlesnake,"

Busk Collection (B. M., 51.9.29, 34).

The name which I suggest for this well-marked species is

in allusion to the truncate form of the a zooecia (fig. 9).

By this character (already noticed by MacGillivray), and the

shape of the opercula with their dark brown sclerites, the

species can be recognised at a glance. The two large teeth

of the a opercula distinguish it at once from any other species
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with A-shaped sclerite in the b opercula. The union of the

cryptocyst with the distal wall, and the deep cavity of the

median process, are also important characters.

MacGillivray states that this form is Escharau, Hemes-

charan, or encrusting. He records an Escharan colony which

measured no less than 13 X x 6 inches. Of the material

at my disposal, c and d are mere fragments, a and h are both

bilaminar or Escharan, with anastomosing plates, and have

somewhat the habit of Lepralia foliacea. At the lines of

union of the plates the two layers of zocecia divei'ge, so that

hollow cavities originate, lined by the basal walls of the

zooecia. Considerable unilaminar pieces may thus occur at

the nodal lines. The ratio of a to b is about 4—5 : 1. No
constant difference in this ratio was noticed in "different

parts of the colony, or on its opposite faces.

The edge is thin, a good deal raised, and well separated

from the post-oral shelf. This is slightly tubercular, deep,

and massive, being well developed even proximally. The

oral shelf is about equally developed in a and b. It has the

form of a perfectly smooth rounded fillet, a well-developed

concave space with smooth floor occurring between it and

the oral arch. The condyles are strong, especially in b.

The oral arch is slightly raised; that of b semicircular, of

A with straight parallel sides and a truncate distal border,

which is usually slightly concave distally. Cryptocyst either

sloping gently into the post-oral shelf or sharply separated

from it; its horizontal portion is very small, thick, and with

small pores, whose outer opening may be obviously smaller

than the inner opening. It slopes steeply, but without any

angulation, into the cavity of the median process. The
cryptocyst is usually porous in this region, but an imperfo-

rate part, forming the proximal wall of the cavity, may be

separated fcom the horizontal part of the cryptocyst by a

curved line, as in S. buskii. The median process has a deep
cavity, floored by the convex roof of the tube, which may
arise from the cryptocyst at an angle (as in fig. 9), or with

a continuous slope. The borders of the median process are
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usually continued across the proximal edge of the deep lateral

recesses to join the sides of the zooecia, and the lateral re-

cesses may be margined in their proximal half by a thin

upstanding flange of calcareous matter. The lateral walls of

the tube are well developed. In both a and b the base of

the tube may, in some cases, be a hole in the descending

cryptocyst, a narrow portion of which intervenes between it

and the distal wall. The walls of the tube may not, how-

ever, grow from the entire margin of this hole, the tube

growing upwards in such a way that its lateral walls unite

with the distal wall of the zooecinm, and being thus incom-

plete above. The appearance seen in the a zooecinm of fig. 9

is thus produced. The basal wall of the zooecinm is, of

course, invisible from above.

The epithecal sclerites are long and gentl}- curved, reaching

the base of the opei'culum, nsually more distant from one

another in A than in B. The B opercnla (fig. 36) are re-

markably strong, with coarse, sharply pointed, nearly erect

teeth, which are so strong that their bases can be clearly

seen from above through the dry operculum. The longest

teeth may reach 65 ^ in length. The submarginal sclerite

is strong. The halves of the main sclerite are widely

separated distally, enclosing a space which is dilated dis-

tally, the edge of its chitinous floor forming a somewhat

pointed arch with the proximal part of the main sclerite.

The two bars composing this end proximally in a stout pro-

jection. The occlusor tubercle is very large and strong.

The basal (1)) and oblique (o) sclerites are as usual well deve-

loped. The characteristic form of the a opercnla (fig. 37)

has already been described ; their most striking characters

are their large size and the development of a strong tooth

just beyond the occlusor tubercle on each side of the main

sclerite, which is far removed from the periphery of the

operculum. The occurrence of a distinct and strong basal

sclerite is an unusual feature in a opercnla. Should an

A zooecinm give rise to two younger zooecia at its distal end,

its oral arch and its operculum are more or less semicircular.
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I have found very little variation in this species, my
specimens of which have, however, come from practically

one locality. The characters of the opercula are remarkably

constant. It need hardly be pointed out that where a zooecium

is restricted in its growth by want of room its operculum

may be abnormally small. Leaving these cases out of accouiit,

the diameter of a opercula varies between 490 and 640 fx, with

an average of about 525 /ll ; that of b opercula between 500

and 620 fx, with an average of about 550 fx.

11. S. magnilabris, Busk. Figs. 10, 31, 44—46.

Membranipora grandis. Busk, ' Cat. Mar. Polyzoa

Brit. Mus.,' i, 1852, p. vi (explanation of pi. Ixv),

pi. Ixv, fig. 4.

Membranipora magnilabris, Busk, ibid., ii, 1854,

p. 62 (part), 113, ? Haswell, ' Proc. Linn. Soc.

N.S. Wales,^ v, 1881, p. 38.

Steginoporella elegans, Smitt, ' Svenska Ak.

Handl.,' xi. No. 4, 1873, p. 15, pi. iv, figs. 96—101.
Steganoporella magnilabris, Hincks, * Ann. Nat.

Hist.' (5), ix, 1882, p. 123 [Abrolhos I., Singa-

pore], ? pi. V, figs. 8, 8a; Busk, 'Challenger

Rep.,' pt. XXX, 1884, pp. 75, 76 (woodcuts, fig. 4),

pi. xxiii, figs. 2, 2a; ? Ortmann, 'Arch. f.

Naturg.,' Ivi, 1, 1890, p. 30, pi. ii, fig. 7.

B zooecia considerably larger than the a zooecia. Crypto-

cyst descending at right angles, without or with thickened

angulation, to join the basal wall. Median process usually

with high walls, and often with a somewhat thickened distal

edge supporting the basal sclerite of the operculum ; its

cavity moderately deep (exceptionally shallow or absent), its

floor wide, formed by the convex roof of the tube. Opening
of tube vertical, not or hardly visible from above, complete

basally, or completed by the basal wall of the zooecium, oral

shelf distinct in both a and b, larger in b, where the cavity

between the shelf and the oral arch is specially large, b

VOL. 48, PART 2. NKW SERIES. U
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opercula usually elongated, witli nearly parallel sides ; the main

sclerite A-sliaped; submarginal teeth developed round the

entire free border of the operculum, the proximal ones small

or vestigial, the distal ones long and recurved, a opercula

with numerous submarginal teeth ; ai'ch formed by the main

sclerite usually somewhat pointed.

(a) Abrolhos Islet, coast of Brazil, 20 fathoms, Voy.

"Beagle," Darwin Coll. (B. M., 54.11.15, 222).

(Type.)

{h) Abrolhos Islet, Busk Coll. (B. M., 99.7.1, 403).

(c) Pedro Bank, 40—50 miles S. of Jamaica, 10— 12

fatboms (on coral), J. E. Duerden, Esq. (C. M,,

30.6.99).

{d) St. Vincent, W. I. (B. M., 40.10.23, 18).

(e) Off Honolulu, Challenger Coll., 20—40 fathoms

(B. M.).

(/) Port Molle, Queensland, 12—20 fathoms, H.M.S.

"Alert" (B. M., 82.2.23,443).

ig) Tizard Reef, China Sea, 27 fathoms (B. M., 89.8.21,

10).

{h) Singapore, Hincks Coll. (B. M., 99.5.1, 260).

{i) St. 208, Challenger Coll. (Philippine Is.), 17th Jan.,

1875, 18 fathoms (B. M.).

{j) John Adams' Bank,i H.M.S. "Herald," Busk

Coll. (B. M., 99.7.1, 407).

{k) ? loc, "On Meandrina," Busk Coll. (B. M.,

99.7.1, 402).

(/) ? loc, "Off Brain-stone," Hincks Coll. (B. M.,

99.5.1, 262).

[Florida, 15—37 fathoms, Smitt ; Japan, slight

depths to 200 fathoms, very common, Ortmann.]

The figure illustrating the original description of this

species was published in the first part of the ' British Museum
Catalogue' (1852), the name Membranipora grandis ap-

pearing in the explanation to the plates. The description

was published in the second part of the Catalogue (1854).

' See p. 254.
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As Busk had liimself dropped the earlier specific name, and

as later writers have accepted that given iu the diagnosis

(1854), I have preferred to retain the familiar name. The

locality " Algoa Bay/' given by Busk, does not refer to this

species, but to what I have called S. Buskii (see p. 272).

As the locality "Abrolhos Islet" stands first in the diagnosis,

and as, moreover, the figure refers to the species from that

locality (as may be concluded in particular from the form of

the A opercula and the presence in them of a basal sclerite),

it is clear that Busk's name should be applied to the S.

American form. In the 'Challenger Report' Busk gives

unmistakable figures (p. 76) of the opercula (a and b) of this

species, describing the two forms of zooecia ; and calls atten-

tion to the epithecal sclerites (''furcate spicula"). The

statement that the epitheca is closely adherent proximally

to the calcareous lamina is not correct; and the generic

diagnosis must be amended by stating that the cryptocyst

may join the distal wall instead of the basal ("posterior")

wall. It is at present premature to speak of the b zocecia as

the " fertile cells." Fig. 2 a on pi. xxiii of Busk's Report

is somewhat misleading, inasmuch as the b opercula are

shaded in precisely the same way as the zooecia which have

lost their opercula.

Biflustra crassa, Haswell,^ is given by some authors as

a synonym of S, magnilabris. I do not think there is

sufficient evidence for regarding this species as a Stegano-

porella. Haswell gives Membranipora magnilabris

in his list of species; and although the zoarial character

doubtless guided him in assigning* B. crassa to Bif lustra,

I think it would be difficult for the same writer to refer two

forms of Steganoporella to different genera on account of

differences in their habit without at least calling attention to

the resemblance of their zooecia.

This widely distributed species occurs in various forms.

Most of those I have seen are encrusting, but (e)is Escharan,

as figured in the ' Challenger Report.' Smitt states that

» 'Proc. Linn. Soc N.S.W.,' v, 1S81, p. 38, pi. i, fig. 8.
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the species occurs in encrusting, Hemescharan (of ''Sipho-

nellaform"—not to be confused with Siphonoporella,
Hincks) and Escharan growth, at a depth of 15—37 fathoms

off Florida. If all the specimens which I have referred to

S. magnilabris are correctly placed there, the species must

be regarded as a somewhat variable one. It is the only form

with A- shaped main sclerite in the b opercula in which the

cryptocyst of both a and b zooccia joins the basal wall at a

considerable distance from the distal wall. The large ex-

posure of the basal wall and the invisibility of the opening

of the tube, when seen from above, are characteristic marks

of this species, which is, moreover, peculiar in the possession

of well-developed submarginal teeth in the a opercula.

The following description refers to the type-specimen (fig.

10) :—The edge is thin and sharply separated from the post-

oral shelf. This is but slightly developed, finely tubercular,

and may be vestigial proximally. The oral shelf is moderate in

B, narrower in a, where it is mostly smooth, and may be con-

spicuously denticulate near the base of the oral arch. The

condyles are much larger in b than in a. The oral arch is

much raised ; by the overlapping of the zooecia over their next

neighbours distally there is a large concave space in the

B zooecia, between the oral arch and shelf. The oral arch of

B is much larger tlian that of A, the shape corresponding

with that of the respective opercula. The cryptocyst is

sharply separated from the post-oral shelf (except, as in

most other species, at the distal corners of its horizontal

portion), descendiug steeply (without any angulation in the

type-specimen) into the cavity of the median process. This

is wider in a than in b ; it is moderately deep, its wide,

rather long floor being constituted by the convex roof of the

tube, whose opening is vertical and invisible from above.

The lateral recesses are commonly very asymmetrical, only

one meeting the basal wall, the floor of the other passing

into the lateral wall of its side. On examining the back of

the specimen this arrangement gives rise to the appearance

of fig. SI. The thick curved line rising from the left lateral
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wall is the line of insertion of the cry ptocyst, forming the proxi-

mal boundary of the coi-responding lateral recess. The thin

line running transversely from this to the opposite lateral wall

may or may not be present. If it is absent, the tube is com-

pleted by the basal wall, and we have hei'e a case precisely

like that of Siphonoporella delicatissima (see p. 232),

where the tube rises asymmetrically from one side of the

base of the zooecium. If the thin line is present the tube

has a completed wall, and is connected with the basal wall

by a thin transverse septum, which is part of the cryptocyst.

If the cryptocyst of both lateral recesses meets the basal

wall two thick curved lines appear.

The asymmetry of S. magnilabris, taken in conjunction

with what has been said under S. lateralis, seems to me
to have an important bearing in showing the derivation of

Steganoporella from an asymmetrical ancestor.

The lateral walls of the tube are well developed. The

lateral recesses are often partly roofed in by a thin flange of

calcareous uiatter more or less continuous with the sides of

the median process, but principally developed at the outer

side of the lateral recess.

The epithecal sclerites are short, not very conspicuous, and

they are widely separated from the operculum, b zocBcia

occur in large numbers. In some parts each b is followed

in the longitudinal row by two a, and the second of these

by another b ; in others, three or more a intervene between

each two b, and sometimes only one a.

The b opercula (fig. 44) vary a good deal in size and shape,

without, however, losing their distinctive characters, the most

important of which is the arrangement of the teeth. These

are developed along the whole length of the submarginal

sclerite ; the proximal ones are small, but the distal ones are

very long, strong and recurved. Minute teeth may excep-

tionally occur between the larger ones (as in the figured

specimen). The parallel part of the main sclerite is usually

moderately long, though not so long and narrow as in S.

Haddoni. The b operculum is commonly elongated, with
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straight nearly parallel sides (fig. 44), or it may be short and

broad, intermediate conditions also occurring. The number

of teeth varies from twenty to twenty-four (not counting the

minute intermediate teeth), the proximal six or seven on each

side being very small.

The A opercula (fig. 45) are even more distinctive, being

characterised by the possession of 26—33 minute submarginal

teeth, which absolutely distinguish this species from all others

at present known. The main sclerite has the form of a pointed

or Gothic arch, this feature being well shoAvn in the figures

given by Busk (B. M. Cat.) and Srnitt, and there is a distinct

basal sclerite, which is thinner medianly.

The following points may be noted about the specimens

from other localities.

One of the Jamaica specimens (c) agrees well with the

type, except that the cryptocyst is angular and thickened at

the beginning of its descent. Most of the b opercula are

long and parallel- sided. One abnormally small b has only

thirteen teeth. Another Jamaica specimen is remarkable for

the great size and strength of the opercula of both kinds (sec

measurements below). The a opercula (fig. 46), which vary

a good deal iu their relative length and in their outline, have

unusually large distal teeth, borne on a distinct submarginal

sclerite. The main sclerite is a good deal expanded at its

anterior end. If this process were to continue, the sclerite

might meet the submarginal sclerite and give rise to a form

of operculum essentially similar to b, although it will be

noticed that the proximal ends of the main sclerite are of the

A form. The b opercula of this colony are rare, and one or

two are of gigantic size, though not differing in any essential

detail from the type. The flanges of the sides of the zooecia

which roof the lateral recesses give off a process distally

which meets the lateral border of the median process ; some-

times the opesiule thus cut off is subdivided by a second

similar process, thus approaching the condition found

in S. connexa, although differing from that species in

that the formation of the opesiules is not due to out-
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growths from the median process. This has unusually

everted walls, its cavity may be otherwise normal, but in

several cases it is shallow or even evanescent. The Queens-

land specimen (/) approaches the one last described in the

form of the main sclerite of the A opercula, which are

distinctly large, and in the large size of their teeth, which

number from 22 to 24. The b opercula are relatively short,

the parallel part of the main sclerite being little developed.

The number of teeth is only 18 to 20, the minute proximal

teeth being fewer than in the type. In some of the zooecia

the cavity of the median process is unusually shallow or even

evanescent, the convex (tuberculated) roof of the tube being

almost on a level with the proximal part of the cryptocyst

;

but it may resemble that of the type. The cavity may be

developed on only one side of the roof of the tube. The

cryptocyst may be somewhat thickened and tuberculated at

the commencement of its descent.

Specimen d (St. Vincent; without opercula) and k and I

(doubtful locality) are not specially noteworthy ; h has no

opercula; j (John Adams' Bank, cf. p. 254) is also a normal

S. magnilabris.

Specimen e (Honolulu) is of Escharan habit, with narrow

branches, as described in the Challenger Report. The zooecia

and opercula are distinctly small, b being variable in form
;

the teeth of A are very minute and even vestigial, and the

basal sclerite is hardly complete across the middle. The

calcareous parts are, in the older regions of the colony, more

massive than in the type, both oral and post-oral shelt" being

more developed and more tubercular. The horizontal part

of the cryptocyst is smaller and thicker, and may be thickened

and tubercular where it joins the descending portion. The

asymmetry of the lateral recesses is well marked here, as in

other cases.

Specimen i (Philippine Islands), which is not alluded to in the

'Challenger Reports' (xxx and Ixxix), is of Escharan habit,

but is more foliaceous than the last specimen. The b opercula

are relatively short, though with distinct parallel portion of
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the main sclei'ifce; their teeth number 16 to 21, the proximal

ones being very minute. The a opercula (which, like the

others, are thin and delicate) have even more vestigial teeth

;

the more distal ones alone can be made out, and not more

than twenty can be counted. The opening of the tube is

unusually wide, its sides sloping very much outwards and

downwards, and then somewhat approaching one another, to

join the basal wall, which completes the tnbe. In a good

many of the zooecia one of the lateral walls of the cavity of

the median process is not developed. The cryptocyst may
be thickened at the commencement of its descent.

Specimen g (Tizard Reef) agrees well with many of the

other specimens. Its back is very nodular, probably from

having encrusted an irregular surface. The opercula are

normal, a having twenty-seven small teeth, and b twenty-four

teeth (one operculum of each kind mounted) ; b is short and

nearly semicircular.

Specimen h is the merest fragment, but the characters of

its (dry) opercula show it to belong to this species. It is of

importance as giving another locality for the species.

Measurements of Opercula (in fx) and Number of

their Teeth.
A B

Speci-

men.
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12. S. alveolata, u. sp. Figs. 12, 32, 40, 41.

A and B zooecia of about equal size, a extremely rare ; both

forms shortly obloug with angles hardly rounded, the oral

arch hardly distinguishable. Cryptocyst descending steeply,

without angulation ; in B inserted at or near the junction of

the basal and distal walls, in a meeting the basal wall at a

great distance from the distal wall. Median process with

very deep cavity, the roof of the tube forming its floor ; with

rounded, often everted border in b, appearing transversely

obloug in A. Opening of tube oblique or nearly vertical,

visible or hardly visible from above, complete or incomplete

distally (or basally). Oral shelf forming a trifoliate arch in

B, with a series of marginal sockets or alveoli, each of which

receives a tooth of the closed operculum ; in a forming a

rounded arch, b opercula with strong A-shaped main sclerite

and a series of extremely strong, curved submarginal teeth,

each of which fits into a distinct socket in the calcareous

part of the zocEcium when closed. A opercula transversely

oblong, with basal sclerite and without teeth.

Channel between Mer and Dauer, Murray Islands, Torres

Straits, March 12th, 1889, Haddon Collection (C. M., 24.2.98).

This species was obtained, well preserved, in spirit, and

by its means I have been able to make out some of the details

of the structure of the genus; these I hope to publish sub-

sequently. The species is in some ways the most interesting

of all, the evolution of the b opercula reaching their highest

point. They are moved b}' enormous muscles, and the occur-

rence of sockets to receive the points of the teeth is a unique

feature in the genus. The excessive rarity of the a zooecia

is another remarkable feature ; in one mounting I counted

only 6 A to 198 b; in another case 3 a to 86 b.

The description is based on a single piece, of Hemescharan

habit. The zooecia are in the usual longitudinal rows, and are

very regularly quincuucial. The edge is slightly raised and

thin ; and the oral arch is hardly higher than the edge of the
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proximal pari of the zooecium. The arch is usually not rounded

as in the great majority of forms (a zooccia of S. truncata
excepted), but is typically transversely oblong, witli angular

distal corners, giving this species an aspect entirely peculiar to

itself. A few b zooccia occur, however, with a nearly semi-

circular oral arch, even in zooccia which do not precede the

division of a longitudinal row. The post-oral shelf is tuber-

cular and very deep, descending steeply to the much depressed

liorizontal cryptocyst, from which it is sharply separated ; it

is usually narrower proximally. The oral shelf of a forms a

semicircular arch, whose upper surface is smooth and regularly

concave, and there are, of course, no tooth alveoli. That of

B is trifoliate, its upper surface slightly concave medianly

and just distally to the condyles, but strongly convex above

in the latero-distal parts which render the arch trifoliate.

The shelf of b is of an entirely different character from that

of other species. Whilst in these the shelf is usually concave

above, or in any case so arranged that there is a considerable

cavity between it and the closed operculum, the two convex

parts of the oral shelf of S. alveolata stand up above the level

of the oral arch, and the concave surfaces of the operculum be-

tween the distal end of the main sclerite and the submarginal

sclerite actually come into contact with and are supported by

these convexities when the operculum is closed. The oral

arch is no thicker than the post-oral edge, and thus is entirely

different from the strong oral arch of other species. The

occurrence of the series of tooth-alveoli just within the very

thin oral arch is highly remarkable. A smaller oral shelf

can be made out in the figure at a deeper level than the main

shelf. This may be regarded as the basal edge of the thick

oral shelf. This edge does not project in a. The condyles

are strong. The cryptocyst is thick and tubercular, its hori-

zontal part small in b, very small in a ; the pores are of

medium size. The descent into the median process is very

steep, but without angulation. The cavity of the process is

deep, short and broad in a, and with a rounded, everted

border in b. It may, however, be much compressed, and
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with less everted border than in the specimen jBgured. The

opening of the tube is usually just visible from above, although

it is nearly vertical. The basal wall of a is largely exposed

from above, since the cryptocyst is inserted at a great dis-

tance from its distal end. In b, although the lateral recesses

are very deep, their floor (formed by the cryptocyst) usually

slopes so as to meet the base of the distal wall, or the distal

end of the basal wall. Although the tube may be complete

distally, it is commonly incomplete. In a it appears to be

asymmetrical, one wall joining the lateral wall of the zooccium,

the other joining the basal wall (fig. 12). It is also often

asymmetrical in b (as in fig. 12), and this is correlated with

a curious difference in the lateral recesses. While the floor

of the left one (in the figure) joins the lateral and distal

walls only, that of the right one, while joining these two

walls, dips down medianly at its distal end to meet the basal

wall on the distal side of the tube. In other words, the

cavity of the right lateral recess (in this particular zooecium).

reaches the basal wall at a small region in or near the middle

line of the distal end of the zooecium ; and this results in the

formation of a small circular or slit-like mark (fig. 32) on the

back of some of the zooecia. This is, of course, not present if

the cryptocyst joins the distal wall only. It may, however,

be regarded as a common character of this species. It may
be noted that the vertical walls of this species are very thick

and strong.

I have not found distinct epithecal sclerites. The b

opercula (fig. 41) have nearly always six to eight strong

curved distal teeth (counting the two corner ones, which are

often specially large); and there are usually two to four on

each side besides ; this number is not often exceeded. In

one case minute interstitial teeth were observed, as in fig. 44

(S. magnilabris). The opercula have the usual delicate

border outside the strong submarginal sclerite ; and it is

obvious that this flange is of importance in fitting closely

over the zooecium, and being so thin as to leave no edge

which could be lifted up by any intruding animal. The
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closure of this species must be remarkably effective. The
parallel part of the main sclerite is short, and the cavity

therein included is much dilated tr;insversely at its distal

end. The proximal ends of the main sclerite are very stout.

The A opercula (fig. 40) are large and transversely oblong.

There is a distinct basal sclerite and a fine submarginal

sclerite in addition to the main strenyftheniny' arch.

Key to the Species of vStegangporella.

( a opercula with four teeth on the

.J main sclerite .... 2

"I

a opercula with two teeth or none

I . on the main sclerite . . 3

P A opercula with an enormous sub-

I basal sclerite . . . .6. S. auriculata.
I

2 <( A opercula with small secondary

sclerites within the main

sclerite . . . . .7.S.neozelanica.

r B opercula with A-shaped main

I sclerite .....
3 <( B opercula with H-shaped main

j

sclerite ; these opercula usually

I rare .....
A opercula with straight or slightly

concave distal border, more or

less distinctly transversely ob-

long*, and with a basal sclerite.

4 -^ B opercula with stout teeth

A opercula with very convex distal

border, b opercula with minute

teeth or none in their proximal

half, or with all the teeth small
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A opercula Avitli a pair of strong

teeth on the main sclerite, just

distal to the occlusor tubercle.

B opercula convex distally,with

a series of strong, slightly

curved, suberect teeth . . 10. S. truncata.

A opercula rare, without teeth, b

opercula transversely oblong,

with six to eight strong curved

submarginal teeth distally, and

two or three others on each

side; the teeth fitting into

sockets in the calcareous zooe-

cium . . . . . 12. S. alveolata.

r A with submarginal teeth; those of

,
I B much stronger distally than

I

proximally . . . 11. S. raagnilabris.

I A toothless, " undifferentiated "
. 7

"" iSubmarginal teeth of b long, fine,

restricted to the distal half of

the operculum, b zooecia about

twice as lars'e as a zooecia , 8. S. Haddoni.

I

Submarginal teeth of B small, the

I

series commencing in the prox-

I

imal half. B zooecia not twice

L as large as a zooecia . . 9. S. Bnskii.

J

Cryptocyst inserted at or near the

base of the distal wall ; zooecia

<
of large size

Cryptocyst inserted into the basal

wall at n, distance from the

distal wall ... . 10



292 SIDNEY F. HARMER.

Median process with greatly deve-

loped lateral wings^ wliicli

unite with the sides of the

zooecium 5. S. connexa.

Median process simple, without

lateral wings . . . .4. S. simplex.

^<

An asymmetrical tube, without late-

ral wings, springs from the

descending cryptocyst . . 1. S. lateralis.

' A median process bounded by late-

ral wind's is differentiated on

the upper surface of the tube . 11

f Median process with a longitudinal

I groove 2. S. sulcata.

1 1 <^ The roof of a well-developed tube

forms the convex floor of the

median process . . . 3. S. tubulosa.

The determination of the species will be facilitated by

noticing that in S. maguilabris, S. neozelanica, S.

tubulosa, S, sulcata, and S. lateralis the ci-yptocyst

joins the basal wall at a distance from the distal wall, leaving

a considerable amount of the basal wall exposed from above;

that in S. Buskii, S. Haddoni, and S. truncata the

cryptocyst joins the distal wall, the opening of the tube being

clearly visible from above, but not the basal wall ; and that

in S. auriculata, S. connexa, S. simplex, and S. al-

veolata the cryptocyst is inserted at or near the junction

of the basal and distal walls, the opening of the tube not

being visible from above except in some zooeciaof S. alveo-

lata, which is sufficiently distinguished in other ways by its

quadrilateral zooecia and by the alveoli which receive the

points of the teetb, in the b zooecia.
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Batliy met rical and Geogr apliical Distribution.

'J'here is very little to be said under the first of these head-

ings. Most of the records of the occurrence of Stegano-
porella refer to the locality only. S. magnilabris^ of

which there are several records, has usually been found at

depths of 10—40 fathoms; but a Steganoporella which

is probably S. magnilabris is recorded by Ortmann from

shallow water to 200 fathoms from Japan. All the other

localities from which specimens of the genus have been

obtained mention some land or submerged bank; and the

evidence is in favour of its being principally littoral or found

in shallow water.

With regard to geographical distribution, it may be con-

cluded that the genus is a southern one, which is common
between the equator and 50° S., and has extended in one or

two cases to the north side of the equator, reaching 35° N.

in Japan. The only species which are known to occur north

of the equator^ are S. magnilabris (W. Indies, Sandwich
Islands, Eastern Archipelago, Japan) ; and S. Buskii and

S. sulcata, both of which occur in the Indian Ocean. Of
these, S. magnilabris occurs in all the great oceans; being

found, in addition to the localities already indicated, off the

coast of Brazil and off Queensland ; and being the only

species described from the Atlantic Ocean. Jullien has,

however, stated ^ that he obtained two new species off the

coast of Liberia; and it is not to be supposed that S. Buskii
does not extend along part of the western coast of Africa.

No species is at yet known from the southern part of South

America. The Indo-Pacific region is clearly the head-

quarters of the genus, Torres Straits, with four or five

species (S. lateralis, ? S. sulcata, S. Buskii, S. Had-
' Various nortliern species, recent and fossil, belonging to Tlialamo-

porella, liave been described under the name of Steganoporella,
* ' Miss. Sci. Cap. Horn,' vi, 1888, p. 1. 79.
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doni, S. alveolata) having a i-ichei' representation than

any other locality. The characteristic species of the Indian

Ocean appear to be S. sulcata and S. Buskii, while S.

aiiricLilata occurs in Madagascar^ and S. simplex in the

Auiirante Islands. New Zealand has one species (S. neoze-

lanica), which occurs in two well-marked varieties, one of

which is recorded from Tongatabu. Australia has a larger

number of species ; in addition to those from Torres Straits,

S. truncata and S. tubulosa occur off its southern coast.

It may further be noticed that MacGillivray ^ describes

four Tertiary species of Steganoporella from Victoi'ia. Of

these S. pa tula, Waters, does not seem to me to be a

Steganoporella, as is shown by the occurrence of avicu-

laria and external ovicells, and by the Thalaraoporella-

like condition of the cryptocyst. S. depress a, MacGilL,

is not represented in the recent collections I have examined.

S. lateralis and S. Haddoni (described by MacGillivray

as S. magnilabris) are recorded above from Torres Sti'aits

and other localities.

Waters describes fossil Steganoporella from various

localities ^ in Australia and New Zealand, but I am not able

to refer them with certainty to any of the recent species.

Forms related to Steganoporella, although probably not

to be referred to that genus, are common in various deposits

in Europe, the Cretaceous deposits being very rich in these

forms, as Jullien (1881) has pointed out. It may probably

be concluded that the Steganoporellidse (including Tha-
lamoporella and other similar genera) are a group of world-

' ' Trans. Roy. Soc. Victoria,' iv, 1895, pp. 53, 54. MacGillivray uses the

term " opesia " lor llie part of the zocecium distal to the commeucement of

the descending portion of the cryptocyst— a use of the term which would be

difficult to employ in describing a species (e. g. S. Buskii) in which there

may be no marked line of demarcation. JuUien's orifrinal de6nition as ap-

plied to Steganoporella shows that the term should be used for the opening

of the tube ; in other words, to the opening limited by the free edge of the

cryptocyst.

2 'Quart. Journ. Geol. Soc.,' xxxviii, 1882, pp. 265, 506; xxxix, 1883,

p. 436; xli, 1885, p. 292; xliii, 1887, p. 50.
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wide distribution, but that Steganoporella itself is pri-

marily a southern genus.

It is noteworthy that the species of Siphonoporella at

present known (see p. 231) are both Australian; while this

region has a good representation of the allied genera Tha-
lamoporella, Thairopora^ and Diploporella. It is not

improbable that Australia may have been a centre from

which species of this group have spread. All the species of

my third group (with A-shaped main sclerite in the b oper-

cula) occur in Australia, although S. magnilabris occurs all

round the world. Of the second group (with four teeth on

the main sclerite of the a opercula) S. neozelanica occurs

in New Zealand and Tongatabu, and S. auriculata in

Madagascar. Of the first group (with n -shaped main

sclerite in the b opercula), S. tubulosa, S. lateralis, and

possibly S. sulcata are Australian ; the first being restricted

to Australia (so far as is at present known), the second

occurring as a Tertiary fossil in Victoria, found recent in

Torres Straits and extending to Tahiti ; and the third found

also in the Indian Ocean. The other two species are known
from isolated localities,—S. simplex from the Amirante

Islands, in the Indian Ocean, and S. connexa from Brazil.

EXPLANATION OF PLATES 12 & 13,

Illustrating Mr. Sidney F. Harmer's paper " A Revision of

the Genus Steganoporella."

PLATE 12.

The figures on this plate were all drawn to the same scale (camera lucida,

Zeiss A obj. ; afterwards x |), and are X 40. (B. M. = British Museum

;

C. M, = Cambridge Museum.)

Fig. 1.—Stegauoporella lateralis, MacGill (p. 242), Zooecium a.

Tahiti, Manchester Museum,

VOL. 43, PART 2. NEW SERIES. X
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Fig. 2.—S. sulcata, n. sp. (p. 246). Zoojcia a (left.) and B (right).

One condyle is wanting in B. Amirantc Island?, B. M., 82.10.18, 88.

Fig. 3.— S. tubulosa, n. sp. (p. 250). Zooecium a. Curtis Island,

Bass Strait, B. M., 99.5.1, 29.

Fig. 4.— S. neozelanica, Busk, typical or Vincularian form (p. 261).

ZocBcia A. The lower zoceciuni shows tlie operculum in situ ; e.s. epitliecal

sclerite. Wanganui, New Zealand, C. M., 24.5.95.

Fig. 5.— S. neozelanica. Busk, var. magnifica, Busk (MS.) (p. 264).

ZocEcium A. Stewart Island, C. M., 24.5.95.

Fig. 6.—S. connexa, n. sp. (p. 254). Zooecium b. John Adams' Bank,

B. M., 99.7.1,408.

Fig. 7.— S, simplex, n. sp. (p. 253). Darros Island, B. M., 82.10.18,

125.

Fig. 8.—S. auriculata, n. sp. (p. 257). Madagascar, B. M., 84.11.18, 1.

Fig. 9.—S. truncata, n, sp. (p. 276). ZocEcia a (left) and b (right).

Victoria, C. M., 24.5.95.

Fig. 10.— S. maguilabris, Busk (p. 279). Zooecia a (right) and b

(left). From the type-specimen. Abroihos Island, B. M., 54.11.15, 222.

Fig. 11.—S. haddoui, u. sp. (p. 268). Zooecia a (left.) and b (middle).

Torres Straits, C. M., 24.2.98.

Fig. 12.—S. alveolata, n. sp. (p. 287). Zooecia a (right) and B (left).

Torres Straits, C. M., 24.2.98.

Fig. 13.—S. buskii, n. sp. (p. 272). Zooecia a (lower) and b (upper).

Port Elizabeth, C. M., 24.5.95.

PLATE 13.

The figures on this plate, with the exception of the diagrammatic figs. 27

—

33 and 43, were all drawn to the same scale (camera lucida, Zeiss cobj.;

afterwards X ^), and are X 80. The reference to a preceding figure

indicates that the operculum or otlier structure is from the same colony from

which the figure referred to was drawn. The lettering is explained in the

text.

Fig. 14.— S. sulcata. Operculum b (Fig. 2).

Fig. 15.— S. sulcata. Operculum a (Fig. 2).

Fig. 16.— S. sulcata. Operculum b and epithecal sclerites {e.s.). Mergui

Archipelago, B. M., 99.5.1, 28.

Fig. 17.—S. sulcata. Operculum b and epithecal sclerites. "On
Avicula margaritifera," B. M.

Fig, 18.—S. connexa. b (Fig. 6). The occlusor tendon is seen on the

right side.
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Fig. 19.—S. lateralis. A (Fig. 1).

Fig. 20.— S. lateralis, b (Fig. 1). Both occlusor tendons are seen,

that on the right side being displaced.

Fig. 21.—S. simplex, a (Fig. 7),

Fig. 22.—S. tubulosa. a (Fig. 3).

Fig. 23.— S. tubulosa. b (Fig. 3).

Fig. 24.—S. auriculata. a (Fig. 8).

Fig. 25.—S. neozelanica, typical form. Napier, New Zealand, C. M.,

24.5.95.

Fig. 26.—S. neozelanica, var. niagnifica. Foveaux Straits, C. M.,

24.5.95.

Fig. 27.— S. lateralis. Back of zooecia (Fig. 1).

Fig. 28.— S. sulcata. Back. Darros Idaiid, B. M., S2.10.1S, 125.

Fig. 29.— S. sulcata. Variations of median process (Fig. Ifi).

Fig. 30.—S. neozelanica, typical form. Part of transverse section of the

colony seen from the distal side: i., basal wall: l.r., vertical proximal wall

of one of the lateral recesses; tii.p., distal wall of the fla.^k-sliHj)ed cavity of

the median process; L, opening of tlie tube into the subopercular cavity of

the zooecium. New Zealand, C. M., 21.5.95.

Fig. 31.— S. magnilabris. Back (Fig. lOj.

Fig. 32.-S. alveolata. Back (Fig. 12).

Fig. 33.—S. buskii. Proximal wall of a zooecium, siiowing the insertion

of the cryptocyst, and the two fragmented rosette-plates (Fig. 13).

Fig. 31.— S. buskii. Operculum e (Fig. 13).

Fig. 35.—S. buskii. Operculum a (Fig. 13).

Fig. 36.—S. truncata. b. Victoria, C. M., 13. 5.99.

FiG. 37.—S. truncata. a (Fig. 36).

Fig. 38.—S. haddoni. b (Fig. 11).

Fig. 39.— S. haddoni. a (Fig. 11).

Fig. 40.—S. alveolata. a (Fig. 12). Both occlusor tendons are seen.

Fig. 41.—S. alveolata. b, seen obliquely (Fig. 12).

Fig. 42.—Siphonoporella delicatissima. Busk (p. 232). An entire

zooecium, some of the calcareous parts seen through tiie epitlieca. Kiu"-

George's Sound, Western Australia, Manchester Museum.

Fig. 43.— S. delicatissima. Diagrammatic side view (Fig. 42).

Fig. 44.—Steganoporella magnilabris. B (Fig. 10).

Fig. 45.—S. magnilabris. A (F'ig. 10).

Fig. 46.— S. magnilabris. k. Jamaica, C. M., 30.6.99.
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On a New Histriobdellid.

By

Willinm A. Ilaswell, M.A., D.Sc, F.R.S.,

Challis Professor of Biology, University of Sydney.

With Plates 14 and 15.

Introduction.

During a recent visit to Tasmania I found the minute

animals Avhicli form the subject of the present paper living

in abundance in the branchial chambers of the fresh-water

crayfish (Astacopsis tasm aniens) that occurs in streams

in the neighbourhood of Hobart. I am greatly indebted to

Mr. Alexander Morton, F.L.S.^the Curator of the Tasmanian

Museum, for his kindness in facilitating my work in Hobart

by every means in his power, and also for afterwards pro-

curing and sending to me in Sydney specimens of Tasmanian

crayfishes.

Histriobdella homari,^ the only known relative of the

new animal, is found living among the eggs of the European

lobster (Homarus vulgaris). The first recognisable

account of it was given by P. J. van Beneden (2) in 1858.

Our knowledge of this remarkable animal was greatly

extended in 1884 by Alexander Foettinger (6), who supple-

' Fcettinger's alteration of both the generic and specific names does not

appear to be necessary, and van Beneden's name must apparently be re-

stored. Histriobdella is certainly not a leech ; but the name Histriodrilus

proposed by Foettinger does not indicate its true affinities vrith any greater

exactness. Moreover the termination " -bdella " occurs in the accepted

names of several genera that do not belong to the Hirudinea,
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mented van Beneden's description of most of the internal

organs, described tlic nervous system for the first time^ and

pointed out the erroneous nature of van Beneden's conclu-

sions as to the animal's affinities.

Since the date of Fcettinger's paper Histriobdella has

never been re-investigated, and a good many points in its

structure still remain obscure.

The animal with which the present paper deals, though

without doubt nearly related to Histriobdella, differs from it

in a number of points of greater or less importance; and I

have signalised these differences by giving it a new generic

name

—

Stratiodrilus. The species I propose to name

S. tasmanicus.

External Features: Movements.

Like Histriobdella, Stratiodrilus is a very small animal, the

largest being onl}^ a little over a millimetre in length, and

about one sixth of a millimetre in greatest breadth. In general

shape (figs. 1 and 2) it approaches very near to Histriobdella.

In front is a well-marked head, separated by a constriction

from the body. The head is dorso-ventrally compressed,

convex dorsally, nearly flat ventrally ; in outline as seen from

above it is approximately heart-shaped—the apex, which is

rounded off, directed forwards. There is no distinction into

prostomiuni and peristomium, and the mouth is situated on

the ventral surface quite close to the anterior extremity.

The head bears seven appendages, arranged exactly in the

same way as the appendages of the head of Histriobdella,

but differing in shape. Five of these appendages are tactile,

and may be called tentacles. The other two aid in locomo-

tion, and may be termed the anterior limbs. Of the tentacles,

one (fig. 1, t^) is median, and projects forwards from a point

immediately above and behind the middle of the anterior

margin of the head; it is about one sixth of the length of the

head, very slender, cylindrical, and unjointed. The most

anterior pair of tentacles (/") are a little longer than the
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median, and each consists of two distinct segments, the basal

much shorter than the distaL They are attached a little

below and behind the antero-lateral border of the head at

some little distance from the middle line. The second pair

[t^] are nearly twice as long as the first, attached on the

antero-lateral margin of the head a little behind the first

pair; each consists of two segments, of which the basal is

somewhat longer and thicker than the distal. All the

tentacles are tipped with very fine non-motile sensory cilia,

arranged in a circlet or spiral. The remaining pair of ap-

pendages of the head, the anterior legs {I. a.), are of a yery

different character. They are much thicker than the tentacles,

unjointed, and retractile, being capable of becoming com-

pletely withdrawn into the interior of the head by the action

of retractor muscles. They are situated on the ventral surface

of the head, considerably behind the posterior tentacles.

They are somewhat shorter than the latter, of subcylindrical

form, broadest at the base, ordinarily directed outwards,

forwards, and downwards. At the free end is a slight expan-

sion, apparently of the nature of a sucker. Close to the base

of each is a rounded mass of unicellular glands, about half a

dozen in number, the ducts of which traverse the appendage

to its extremity.

The body is regularly constricted at intervals, and may

best be described as imperfectly divided into six segments.

The nature of these can only be discussed after the internal

organs have been dealt with. All the constrictions are much
more strongly marked laterally than dorsally or vent rally.

They are clearly marked in the living specimens. The first

or neck segment is small, and is devoid of appendages. The
second has on each side a mammiform elevation, on the

summit of which is insei'ted one of the cirri of the first pair

(c^). These are slender cylindrical appendages, similar in

character to the tentacles, and each consisting of two segments,

a thicker proximal and a thinner distal. Like the tentacles,

the cirri are tipped with fine non-motile sensory cilia.

Behind tliis are three rings, which are probably to be referred
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to tlie next or third segment, the main part of which bulges

out laterally like the second, and bears a similar pair of cirri

{c~). On this follows a small annulus, probably belonging to

the fourth segment. The main part of the latter is much
broader than the segments in front, bulging out prominently

at the sides. In the female this segment is devoid of ap-

pendages, but in the male it bears a pair of remarkable

organs, the claspers {cL). These are situated laterally in a

position corresponding to that of the cirri on the other seg-

ments. They are not unlike the anterior legs in their general

shape, but are considerably larger. They are of cylindrical

shape, stouter at the base than towards the free end. The
distal extremity is obscurely divided into two lobes, tipped

with a few non-motile cilia; close to this, situated laterally,

are two small rounded elevations. A large unicellular gland

(fig. 14, gl. cl.) lies in the basal part of the interior of the

clasper, its duct opening at the distal end.

The following segment, the fifth, is as wide as the third,

but somewhat shorter. It bears laterally a pair of cirri (c^j,

similar to those on the more anterior segments. The part of

the body which lies behind this is sharply marked off from

the rest, as will subsequently be explained. It cannot be

looked upon as a single segment, and it will be preferable to

term it the posterior or caudal region. It nearly equals in

length the two preceding segments put together, but is much
narrower, being in fact the narrowest part of the body. It is

divided by slight constrictions into six fairly regular annuli,

which, however, may become obliterated when the body is

greatly extended. At its posterior end, rather towards the

dorsal side, is the anal aperture. At the sides of this lie the

large postei'ior legs {I. p.) . These are non-retractile, and in a

state of rest usually extend first outwards and backwards,

and then, towards their extremities, bend forwards. They
are much larger than the anterior legs (as long as the entire

caudal region) ; subcylindrical, stout at the base, constricted

towards the free end, which is expanded into a flattened

adhesive disc, the edge of which is divided by notches into
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about ten miaute lobes. A large mass of unicellular glands

{I. gld.) lies just within the base o£ each leg, and the numerous

ducts open on the terminal lobes. The expanded terminal

part (foot) of these appendages is strongly adhesive—not

owing to any sucker-like action, as there is no muscular

arrangement for bringing this about, but on account of the

sticky character of the secretion of the gland. On the

posterior border of each leg is a short cylindrical tentacle or

cirrus (c*^), tipped with motionless cilia; and close to its base

lies a shorter process of similar character.

Stratiodrilus differs from Histriobdella homari, as

regards the external features, mainly in the presence of the

cirri, of which there is no rudiment in the latter form. The

anterior and posterior limbs and the claspers, though differing

in minor points, are very similar in essentials. Foettinger

has, however, failed to distinguish the adhesive glands of the

posterior legs, with their ducts, from the muscular fibres that

run close to them. He says, "Nous avons ici, comme dans

les pattes anterieures, un amas de cellules musculaires

coiuposees de deux parties, une centrale, cellulaire avec

noyau et une peripherique, sous forme de fibre. Tons les

fibres se dirigent vers I'extremite elargie du menibre, et se

terminent en divergeant a pen de distance de son bord

aminci."^ But the fibres referred to are the ducts of the

glands, and the secretion may frequently be seen oozing

through their fine terminal apertures. The greater develop-

ment of the cephalic tentacles in Stratiodrilus is a minor

point of difference.

P. J. van Beneden's description of the extraordinary move-

ments of Histriobdella applies so well to the form at

present under consideration, that they may be quoted. "On

pent dire sans exageration que c'est un ver bipede ou meme

quadrupede, quand il se deplace sur une plaque de verre, ou

tout autre corps uni. Que Ton se figure un clown de cirque

le plus completement disloque possible, nous alliens meme

dire entierement desosse, faisant des tours de force et

1
Jj. c, p. 459.
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d'equilibre sur une raontagne de boulets moustres qu'il

s'everfcne a escalader, posant un pied (en foi'me de ventouso)

sur nn boulet, I'autre pied sur un autre boulet, balau^ant le

corps ou le roidissant, se tordant sur lai-meme ou se cour-

bant comme uue chenille avpenteuse, et on n'aura encore

qu'une idee tres-imparfaite de toufces les attitudes qu'il prend

au bout de quelques secondes.'^

For the "immense balls" (eggs of the lobster) in the above

description substitute "filaments of the brauchite," and it

would apply equally well to Stratiodrilus, except that the

bending movements of the latter are not so free, being re-

stricted by a certain stiffness of the body, due apparently

to the firmer cuticle. When moving over the bottom of a

glass vessel the mode of locomotion is very grotesque. The

posterior legs are advanced alternately like the legs of a man
in walking, the anterior portion of the body, and particularly

the head, being" strongly swayed from side to side. The

anterior legs are also used, though not invariably, and sup-

port the weight of the head and front part of the body. It

is from this entirely unique style of locomotion that I have

derived the name I have given to the genus.

By means of the viscid secretion of the glands of the

posterior legs the animal is able to adhere so firmly to the

smoothest surface that it is difficult to detach it.

On oue occasion I found four specimens, out of a number

that had been placed in a glass dish, collected together, and

executing the most remarkable movements. They were in

ceaseless motion, creeping over and under one another,

touching one another all over with their tentacles, and occa-

sionally inflicting a bite sharp enough to cause the bitten

individual to start back with a sudden movement. This

went on for an hour or more without intermission.

Integument and Muscular System.

The integument consists, as in Histriobdella, of a cuticle

and an epidermis. The former, though not very thick even



ON A NEW HISTBIOBDELLID. 305

relatively, is remarkably firm, if one may judge from the

fact tliat the form of the body is not readily altered under

the action of various reagents. In Histriobdella this layer

is described hy Foettinger as structureless ; in Stratiodrilus,

on the other hand, it is marked by two systems of fine lines

crossing one another nearly at right angles, as in the cuticle

of many Chastopoda. The epidermis is a thin layer of proto-

plasm in which cell outlines are not recognisable, but in

which nuclei occur at wide and irregular intervals. No in-

tegumentary glands of any kind appear to occur with the

exception of those situated at the bases of the legs and of

the claspers, and a few small unicellular glands situated in

the neighbourhood of the genital opening in the male.

The integument of Histriobdella would appear from Fcet-

tinger's description and figures to differ from that of Stratio-

drilus not only in the structureless character of the cuticle,

but in its relative thinness, and in the relative thickness of

the epidermis.

The chief muscles of the body are the four longitudinal

muscles (figs. 1 and 9— 13, in. d. and m.v.). These have the

form of thin flat bands, two dorsal and two ventral, extend-

ing from the neck constriction to the bases of the posterior

legs. There is no layer of circularly arranged fibres. The

fibres of these bands are flattened in a direction approxi-

mately at right angles to the surface of the body; each fibre,

of which there are only about ten to twenty in each bundle,

appears to extend through the whole length of the body.

In front of the neck constriction, in the posterior part of

the head, the place of these longitudinal bundles is taken, to

some extent, by oblique and transverse fibres, by means of

which the movements of the head on the neck are effected,

by two pairs of retractor muscles of the jaws, and by the

retractors of the anterior legs. The transverse and oblique

fibres form an imperfect partition between the coelom of the

head and that of the trunk.

In the third segment of the male are two pairs of retractor

muscles of the claspers (fig. 1, r. cl.) running obliquely out-
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wards from near the middle of the ventral body-Avall ; the

fibres of the more posterior of these extend thi'ough the

appendage to its extremity. In the following segment are

two pairs of narrow bands of fibres which act as protractors

and retractors of the penis, running inwards from the lateral

body-wall, the latter in front of and the former behind the

third cirrus, and becoming inserted into the processes at the

base of the penis (figs. 1 and 14, pro. m., retr. m.). In the

same sex, in the interval between the second cirrus and the

clasper, a pair of bundles of fibres run nearly vertically

from the dorsal body-wall to the ventral, enclosing between

them a mesial space in which lie the alimentary canal on the

dorsal side and the nerve-cord on the ventral, with a portion

of the testis between. Further back again a similar pair of

dorso-ventral bands separate the alimentary canal, nerve-

cord, and penis, situated mesially, from the testes and

seminal vesicles at the sides. In the female a pair of bands

of the same character (fig. 11, m. oh.) occur in the region of

the anterior part of the ovary. In both sexes a strong band

of transverse fibres extends across between the fifth and the

following segments ; it does not seem to form a complete

partition. Throughout the body slender oblique bundles

occur at fairly regular intervals, running from the cuticle

of the lateral surface to that of the ventral near the nerve-

cord.

The dorsal and ventral longitudinal bands both send con-

tributions of fibres to a pair of large flexor muscles (fig. l,Jl.)

Avhich run thi-ough the posterior leg on its anterior side, and

eventually terminate in the minute lobes at its distal end.

From the ventral longitudinal band a bundle of fibres runs

backwards and outwards to become inserted into the cuticle

about the middle of the ventral surface of the leg. A few of

the fibres of the extensor muscle run nearly transversely in-

wards as a narrow band which unites with the corresponding

baud of the opposite side. A narrow bundle runs obliquely

inwards and backwards from the angle between the leg and

the caudal region to the posterior median depression between
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tlie legs ; and from tlie latter point a pair of small bundles

run forwards parallel with one another, one on each side of

the anus. A small muscle runs along the posterior border of

the leg, and another crosses its cavity nearly transversely

from the base of the cirrus to the anterior border.

Digestive System.

The mouth, a wide, somewhat quadrilateral aperture, is

situated, as already stated, close to the anterior extremity of

the head. From it a narrow oesophagus (figs. 6 to 8, oes.)

leads backwards and slightly upwards through the head to

open into the stomach. Below the oesophagus lie the jaws

(figs. 1, 4, 5, 7, 8), the anterior extremities of which when

they are retracted lie just within the mouth opening, while

the posterior ends are at the posterior limits of the head.

The chitinous pieces of the jaw apparatus (figs. 4 and 5)

are arranged in two sets, which, though linked together, are

capable of being moved independently to some extent. One

of these two sets—the upper jaws—consists of a median

piece which I will call the fulcrum, and two sets of lateral

pieces composing the rami. The latter set—the lower

jaws—is paired throughout.

The fulcrum of the upper jaws (/.) is a slender, nearly

straight rod lying between and somewhat above (dorsal to) the

lower jaws. Articulating with its distal end is a small median

piece, and with this articulate the right and left rami.

The latter consist each of a number of freely articulated

basal pieces supporting four teeth. The teeth are provided

with hooked claw-like extremities, and their inner surfaces

are beset closely with extremely fine transverse ridges,

giving them on that aspect the appearance of minute curry-

combs. When at rest the fulcrum is drawn back, so that its

posterior end is nearly on a level with the posterior ends of

the two lower jaws. When it is in this position the rami

are folded up into a small compass with the teeth inwards,

between and dorsal to the anterior portions of the lower
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jaws. When this part of the apparatus is brought into use

the fulcrum is pushed forwards by the action of its protractor

muscles, and the two sets of rami, becoming thrust out

through the aperture of the moutli, become widely divari-

cated with the teeth at their outer ends. When the upper

jaw has been fully exserted in this way the right and left

rami are brought together sharply, the fulcrum being jerked

back slightly at the same time. This series of movements is

effected with great rapidity, so that it is extremely difficult

to follow and analyse them. The chief part of each of the

two lower jaws is a stout, slightly curved rod (/.-), thickest

behind and tapering slightly in front. These rods lie nearly

parallel with one another, but diverging slightly anteriorly.

The most anterior part of each (about one seventh of the

length of the whole) articulates with the rest by a transverse

joint. Behind this to about the middle of the posterior portion

of the rod runs a thin, internally projecting flange with a

smooth inner edge. Firmly fixed to the anterior portion of

each rod along its inner edge is a broad plate, the inner edge
of which is iu contact with that of its fellow of the opposite

side. The anterior edge of this plate is finely denticulated

;

its antero-lateral angle is produced into a pointed process

directed outwards and backwards.

Connecting together the rami of the upper jaw with the

lower jaws on each side is a sort of bridle {hr.) composed of

two pieces, the posterior of which curves over the rod of the

lower jaw, and slides along it when the upper jaw is pro-

truded or retracted. The effect of this arrangement is to

restrict the forward movement of the upper jaw, the curved

piece being checked when it reaches the anterior broad plate

of the lower jaw above described, and further movement of

the upper jaw forwards being thus prevented. At tlie same

time, as will be explained presently, it is through the inter-

mediation of the bridle that the biting movements are carried

on. Whether the lower jaws have any function beyond merely

supporting the upper jaw and controlling its movements is

not clear. I have not observed them performing any iude-
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pendent movements ; but tbe strength of their muscles and

the toothed character of their anterior edges would seem to

indicate that they play something more than a merely passive

role.

In addition to the bundles of fibres which play the part of

protractors and retractors, the jaws have three other sets of

muscles concerned with their movements. One of these is a

pair of large bundles of non-striated fibres, each of which is

wrapped round the ventral side of the corresponding lower

jaw, the fibres running forwards parallel with tlie latter

throughout their length. These two muscles are in close

apposition with one another along the mid-ventral line,

separated, however, by a thin septum of nucleated material

continuous with the lining of the head coelom, of which it

appears to be a thickening. They are continuous with the

retractor fibres behind. The ventral edge of each is in-

folded, and becomes continuous with the ventral edge of the

corresponding muscle of the second pair. The latter (figs.

4 and 7, str. in.) are a pair of bundles of transversely striated

muscular fibres, which are in immediate contact with the

lower jaws and enclosed ventrally by the muscles just men-

tioned; behind they arise from the main shaft of the lower

jaw, towards its posterior end; in front they are inserted

into the chain of pieces which I have called the bridle. The
third set consjists of a number of non-striated fibres which

run forwards parallel with and close to the slender central

shaft of the upper jaw (fig. 1,j.^).

The precise mode of action of these various muscles is very

difficult to determine with certainty. But there cannot be

much doubt that the striated bundles bring about some

movement which has to be pei-formed with special rapidity

and strength. From their connections, and what I have been

able to observe with regard to their mode of action, I am
led to conclude that, acting through the bridles on the lateral

parts of the upper jaw, their function is to bring about

the sharp movements by which these are brought to bear on

an external object in the act of biting.
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Foettinger's figure of tlie jaws of H istriobdella liomari

resembles in essentials that given by P. J. van Benedeu^ and
represents a structure widely different from that of the jaws

of Stratiodrilus, though probably reducible to the same
general type. Both figures are very general ; but it would

appear that one of the most striking differences lies in the

shape of the lower jaws^ which are comparatively wide^ and

in the larger number of teeth in the upper jaw. The bridles

are figured by both authors, but their significance was appa-

rently not detected by either. Van Beneden's description is

as follows :

^

" II y a d'abord deux machoires pUicees symetriquemeut et

qui se correspondent completement sous tons les rapports.

Elles ont une couleur bistre, s'allongent en arriere sous forme

de lames jusque pres de I'extreme limite de la region cepha-

lique, et laissent un certain espace entre elles. On pourrait

les comparer a des elytres tres-allongees de Coleoptere legere-

ment ecartees I'une de I'autre, surtout vers leur extremite

posterieure. . . . Ces machoires sont egalement larges

sur toute leur longueur; leur extremite libre en arriere est

tronquee obliquement.

" En avant, ces organes chitineux se touchent au point de

se confondre, en s'unissant a la troisieme piece dont nous

allons parler.

'^ Ces machoires, vers leur extremite libre anterieure, qui

est logee au fond de I'entounoir, devienne rugueuses a la sur-

face et se herissent meme de courtes asperites qui leur dounent

une apparence de brosses. Au lieu d'etre terminees en

pointe en avant comme on le voit communement pour ces

pieces de la bouclie des parasites, ces organes sont trouques

en travers.

"A la base de cette portion rugueuse, on apper9oit encore

une eminence crochue, dont la pointe est dirigee en dehors et

en arriere, et qui semble empecher le retrait de ce singulier

appareil de succion, quand il a perfore les parois des oeufs

dont il suce la masse vitelline.

> L. c, p. 14.
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"A ces pieces paires se joint une troisieine piece impaire

plus courte et beaucoup plus grele que les precedentes^ de la

meme couleur et de la nieme consistancej et qui fait, par son

extremite posterieure, I'effet d'un stylet, dout les autres

formeraient la gaine. Cette dei-niere, en effet, est etroite

dans toute sa longueur, et son extremite posterieure est

entierement libre."

Fcettinger does not add much to this. He merely states,

" Les machoires sont au nombre de trois, une mediane et

deux laterales ; celles-ci, reunies en avant par une partie

impaire et situees du cote ventral, ont assez bien la forme

d'elytres tres allongees de Coleoptere ainsi que le decrit P. J.

van Beneden. A cote de leur terminaisons anterieures se

trouvent deux petites languettes chitineuses, et plus en avant

deux masses de meme nature, a surface herissee de pointes,

articulees par leurs extremites posterieures avec la partie

impaire, et pouvant se mouvoir lateralement de fa9on a rap-

procher ou a ecarter leurs bords anterieures. La macboire

mediane, placee au dessus des deux autres leur est reunie en

avant. Je ne m'etendrai pas plus longuement sur- I'aspect de

cet appareil, P. J. van Beneden en ayant donne une descrip-

tion complete."^

It will be observed that both van Beneden and Fcettinger

agree in connecting the part bearing the teeth with the paired

lower jaws i-ather than with the median upper jaw.

From the mouth a narrow oesophagus runs backwards

through the head to open into the stomach. The latter is a

tolerably wide sac extending through the first, second, and

third segments. In the fifth segment there succeeds a very

narrow canal, much more contracted in the female than in

the male, leading to the intestine, a comparatively wide tube

running through the caudal region to the anal aperture.

The wall of the alimentary canal is composed throughout

of a single layer of cells, beset on their inner surfaces with

numerous long cilia. Here and there in the wall of the

stomach is to be distinguished a non-ciliated cell, which

• L. c, p. 462.
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becomes affected by staining agents much more strongly

than the rest; these are probably of the nature of unicellular

digestive glands. External to this there is merely a thin

peritoneal layer without any muscular fibres.

The stomach and intestine invariably contain a quantity

of miscellaneous granular particles which are so finely com-

minuted as to afford no clue to their nature.

Body-cavity.

There is an extensive body-cavity sending a prolongation

into the head. In Histriobdella, Foettinger describes this

cavity as lined by a ccBlomic epithelium having the usual

relations of such a membrane, a splanchnic layer covering

the surface of the digestive canal, and a somatic layer lining

the inner surface of the body-wall. But such a description

does not give a correct idea of the coelomic wall, at all

events in Stratiodrilus. Covering the stomach and intestine

throughout is the splanchnic layer of coelomic epithelium, a

thin layer of flattened cells with small nuclei. But the soma-

topleure remains in a vei-y primitive condition. Closely

applied to the inner surfaces of the dorsal and ventral longi-

tudinal bands of muscle is a single layer of cells, the proto-

plasm of which is seen in the best series of sections (fig. 3)

to be completely continuous with the muscle substance of the

fibres. These cells, which are obviously the cells by means
df which the muscular fibres have become formed, are also

the only representatives of the somatic layer of the meso-

derm. This condition of things corresponds exactly to what
has been described by Fraipont as occurring at a certain

stage in the development of Polygordius. In the latter

the somatic layer of the coelomic epithelium subsequently

becomes formed by the division of this single layer into two;
in Stratiodrilus the embryonic condition remains permanent.

There are no mesenteries of any kind, the Avail of the

stomach and intestine being simply fused on the dorsal side

with the ectoderm as described by Foettinger. In this
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position the ectoderm is thicker than in most other situa-

tions, and in transverse sections a pair of nuclei are most

regularly to be observed in this thickened ai-ea; the double

row of cells which those represent would thus seem to form

a cord having the function of supporting the digestive canal.

The special developments of the coelomic epithelium in the

genital region will be described in the section on the repro-

ductive organs.

The coelom of the head is almost completely cut off from

til at of the trunk by the muscular fibres of the neck constric-

tion and the gland cells that lie in that region. But this

separation is not complete, as evidenced by the fact that in

several female specimens sperms were found to have pene-

trated into this region.

Nervous System.

The nervous system (figs. 1 and 2) consists, like that of

Histriobdella as described by Foettinger, of a bruin, a pair of

oesophageal connectives, and a ventral nerve-cord with gan-

glia at intervals. The brain (figs. 1, 2, 6, 8), situated in

immediate relation to the integument of the dorsal surface of

the head, consists dorsally of a mass of nerve-cells {hr. c),

and ventrally of a mass of fibrillated material (br.f.). Of

the nerve-cells, special groups (tentacular ganglia) (fig. 6)

situated opposite the bases of the tentacles give off peri-

pherally nerve-fibres which run to the extremities of the

latter. The fibrous material is in the form of a curved

transverse band obscurely divided into two portions, anterior

and posterior. Running back from the main mass of the

brain at the sides of the oesophagus is a pair of processes

which are perhaps to be looked upon as representing the

visceral nervous system (''nerfs sympathiques " of Foet-

tinger) .

The ventral nerve-cord consists of a strand of finely fibril-

lated material and groups of small nerve-cells similar to

those of the brain. In transverse section the fibrillated cord
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has the shape in different regions sometimes of an entire

oval, or is bilobed, or more or less deeply cleft, or even com-

pletely divided. The gang-lia consist of very slight enlarge-

ments of the fibril lated cord, covered on its ventral and

latei'al aspects with the nerve-cells ; where a nerve is given

off, the group of nerve-cells is produced for a short distance

around its base.

There are five ganglia, one for each segment, in the

internal region of the body. The first ganglion is short, but

(as regards its group of nerve-cells) expanded transversely.

The fibrillated cord is here deeply divided into right and left

portions, each continuous with the oesophageal connective of

its side. The second ganglion, which is very close to the

first, is of much larger size ; it is situated opposite the cirri

of the first pair, and gives off a pair of nerves ending in a

pair of ganglia at the bases of the cirri. From the nerve-

cells of these lateral ganglia nerve-fibres pass along the

axis of the cirri to the extremities, where they terminate in

connection with the sensory cilia. In transverse section the

second ganglion appears very distinctly double, especially in

its posterior portion ; in the female it is completely divided

into two parts, separated by a definite gap. The connection

between the second and third ganglia is of considerable

length, and is very distinctly double. The third ganglion

gives off a pair of nerves to a second pair of lateral ganglia.

In the male the fibrous cord is not distinctly divided, but

further back it is divided into two completely separated

though closely apposed portions ; in the female it is deeply

divided throughout. The connection between this and the

fourth ganglion is not cleft, but only obscurely divided in the

male ; in the female it is deeply cleft. The fourth ganglion

is situated opposite the claspers in the male, and in a corre-

sponding position in the female. It gives off a pair of

nerves which in the male supply the claspers, while in the

female they end in a pair of small lateral ganglia. In the

anterior part of this ganglion the cord is not divided ; further

back it is bilobed ; yet further back it is undivided and
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dorso-ventrally compressed. In the male the cord just

behind this ganglion and immediately in fi'ont of the penis

gives off a pair of strong branches, and then becomes greatly

reduced, passiug towards the dorsal side as a double cord, to

run between the intestine and the penis, in which position it

enlarges into a small ganglion, the fifth, completely divided

into two lateral bodies ; this gives oif a pair of nerves to the

ganglia at the bases of the third pair of cirri. In the

female the nerve-cord becomes extremely attenuated behind

the fourth ganglion (in the neighbourhood of the dilated

median part of the ovary), but retains its ventral position ;

the fifth ganglion is dorso-ventrally compressed in its anterior

portion, but loses this character further back where it gives

origin to a pair of nerves passing to the ganglia at the bases

of the cirri of the third pair.

In the caudal region the ventral chain may be described

either as represented by a single elongated ganglion imper-

fectly divided into five or six portions, or as consisting of five

or six imperfectly separated ganglia. Nerve-cells clothe the

nerve-cord ventrally and latei'ally through all this portion of

its extent, except that there are about five narrow intervals in

which they are almost absent, the breadth of the intervals

differing in different specimens according to the degree in

which the body is contracted. Throughout this posterior

region the cord is deeply cleft. From the posterior end of

the cord nerves pass to the posterior legs, and to a pair of

ganglia situated at the bases of the cirri which they bear.

The account of the nervous system of Histriobdella
homari given by Foettinger corresponds fairly closely with

what I have found in Stratiodrilus as descinbed above, except

that in the former in the caudal region there are only three

ganglia, somewhat better defined than those in the corre-

sponding region of Stratiodrilus, and that the lateral ganglia

are absent, or at least have not been recognised. A more
important point of difference is that the nerve-cord of His-

triodrilus would appear to be in complete continuity with the

epidermal layer, while in Stratiodrilus it is much more dis-
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tiuctly differentiated ; a comparison of my figures of trans-

verse sections with those of Foettinger will show how marked
this difference is.

There are no organs of special sense^ unless we reckon as

such the tentacles and cirri ; there are no vestiges of eyes,

and the ciliated pits described by Foettinger as occurring in

Histriobdella are not present.

Excretory System.

The excretory organs (fig. 1) take the form of a series of

pairs of ciliated canals. These are for the most part very

thin-walled, so that they are only to be traced in the living

animal by the movement of the cilia, and are not to be

followed with any certainty in any of my series of sections,

except in one or two localities where their walls are thicker.

A good many details thus remain to be elucidated, but

the following general features have been satisfactorily made
out.

The arrangement of these canals differs considerably in the

two sexes. In both the system extends forwards into the

head, and backwards as far as the posterior end of the body.

Each nephridium of the most anterior pair divides in the

fii'st segment into an external and an internal branch. The

former runs right forwards into the head. The latter crosses

obliquely over to the opposite side, and joins the external

branch of the opposite nephridium. Judging from the

direction of movement of the cilia, which is always from

behind forwards, the external apertures of this pair of

nephridia must be in the head. None of the other nephridia

are branched. In the female an apparently continuous line

of cilia is traceable backwards on each side from the head

canals to a point some little distance behind the second

cirrus, where a canal is clearly traceable, which, after bend-

ing round in a loop, opens on the exterior on the ventral

side. But as the direction of movement of the cilia is from

before backwards in the posterior part of this line, it would
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appear probable that there are two pairs of canals in this

anterior region in the female. In the male, on the other

hand, there is no such evidence of division, the pair of

nephridia which branch in the head being traceable back-

wards, without change in the direction of the cilia, nearly as

far as the bases of the second cirri, at which point they bend

inwards and terminate in the coelora near the middle line.

In some specimens each tube seemed to end in a loop, in

others this was clearly not the case ; a difference in the

degree of contraction may have been the cause of this dis-

crepancy. In all cases the posterior part of the canal, from

the point where it begins to bend inwards, has comparatively

thick granular walls. The extremity of each is not funnel-

like, but is enlarged into a rounded knob which has the

appearance of having a narrow cleft on it ; but I am not

certain of the existence of a coelomic aperture. The two

knob-like ends lie in a compartment of the coolom, bounded

by the stomach above and tlie ventral nerve-cord below, and

at the sides by a pair of fibrous partitions passing vertically

from the stomach to the ventral wall of the body.

In the fourth segment the nephridia are probably repre-

sented in the female by the oviducts, in the male by the vasa

deferentia.

In both sexes a pair of nephridia, which begin in the fifth

segment (in a loop in the male), run backwards through the

caudal region at the sides of the intestine, and terminate

close to the anus. The direction of movement of the cilia in

these is from behind forwards.

The arrangement of these canals, though to some extent

partaking in the metamerism of the body, is not strictly a

metameric one, there being apparently only three pairs in

the male and four in the female.

Ciliary flames have not been observed, and, I think I may
say positively, do not occur in any part.

To judge from Foettingei''s description and figures, there

is an important difference between Histriobdella and Stratio-

drilus as regards the excretory system. " Ces canaux ue se
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rencontrent pas dans toute I'etendue du corps de Histrio-

drilus. Je n'en ai pas vu la moindre trace dans la tete
;

aussi, sans en vouloir nier d'une fa9on absolue la presence,

je suis porte a croire qu'ils n'y existent pas."^ "Dans la

partie tont a fait posterieure du corps je n'ai jamais pu de-

couvrir d'organes excreteurs."^

Reproductive System.

The male reproductive organs (figs. 1 and 14— 16) consist,

in addition to the claspers, of two testes fused together in

part of their extent, two seminal vesicles (ves.), two lateral

vasa deferentia {v. def.), a median ejaculatory duct, a median

chitinous penis {f.), two sets of gi*anule glands {gr. gld.), and

a pair of accessory glands (ac). The claspers have been

already referred to. In the interior of the base of each is a

large unicellular gland (fig. 14, gl. cl.), the duct of which opens

at the extremity. The testes when fully developed fill the

greater part of the cavity of the third, fourth, and fifth seg-

ments. Anteriorly (in the third and partly in the fourth

segment) the right and left testes are separated from one

another by a distinct space
;
posteriorly they are completely

fused. They consist of oval masses of spermatidia and

sperm, the fully developed sperms being in later stages of

formation, most abundant towards the posterior end. A
thin envelope invests the whole.

The seminal vesicles {ves.) are a pair of oval sacs situated

laterally in the interior of the testes, just in front of the third

cirri. Each has on its dorsal aspect a wide, nearly longi-

tudinal slit, the edges of which are beset with vibratile cilia.

In the interior, in mature specimens, is always a large mass

of sperms. On the ventral surface are usually to be observed

several curved ridges, which are found when carefully traced

to be continuous with the ducts about to be described as

1 L. c, p. 469.

2 Ibid., p. 471.
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those of the granule glands. These ridges are formed by

accumulated masses of the secretion of these glands.

The glands which I have termed granule glands, on account

of their resemblance to the glands so named in the Turbel-

laria and some Trematodes, are situated on each side imme-

diately behind the base of the clasper. In each of the two

groups there are about half a dozen of these glands, which

are pear-shaped and unicellular. The narrow end of each,

which is directed inwards, is prolonged into a delicate duct

which runs to the seminal vesicle, into which it opens on the

ventral side. The rod-shaped granules which the glands

secrete are thus mixed with the sperms in the cavity of the

seminal vesicles. Sometimes the ducts are found to be dis-

tended with accumulated masses of the secretion.

The vas deferens is a thin-walled, widish tube, which

runs inwards to a point in the middle line close to the base

of the penis, where it unites with its fellow to form the

median ejaculatory duct.

The penis (figs. 14—16) is a hollow chitinous spine, per-

forated throughout by the ejaculatory duct. At its base it

is produced into three processes, one median and two lateral,

for the insertion of the protractor and retractor muscles. It

is broadest at the base and tapers gradually distally, ending

in a sharp point. At the free end it is cut oif obliquely like

the needle of a hypodermic syringe. Near the extremity it

bears two very minute spinules, one dorsal and one ventral.^

When at rest the penis lies enclosed in a folded integu-

mentary sheath, which projects more or less prominently on

the ventral surface, its pointed extremity directed backwards

and downwards, and just protruding through the median

ventral reproductive aperture. In a good many preserved

specimens it was found fully protruded when it extends

forwards and slightly downwards from the reproductive

aperture at the end of the everted sheath.

The glands which—their function being unknown—I have

1 The shape of the penis and its processes differs somewhat iu different

specimens.
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termed accessory glands are small, sharply contoured, oval

bodies '02 mm. in length, lying one (ac.) on either side of the

penis behind the vas deferens. The long axis is directed

forwards and inwards, and from the narrower inner end

there arises a thin-walled duct, which opens into the

sheath of the penis. In the interior of the gland is a well-

defined lumen ; the wall is composed of a small number of

cells arranged in a single layer, each bulging somewhat in

the middle into the cavity.

Foettinger has failed to recognise the significance of vari-

ous parts of the male reproductive apparatus in Histriobdella,

owing mainly to his having followed P. J. van Beneden, and

taken the claspers for a pair of penes. He describes the

seminal vesicles, though without fully recognising their nature

or their relations and tracing their ducts (in which he observed

sperms) to their union to form a median duct. Of the median

structure on which this opens he says, " Celle-ci est cylin-

drique et pourvue d'un canal assez etroit qui, d'apres ce que

j'ai vu sur le vivant, doit etre le tube impair; elle a une

structure peu dechiffrable ; ondirait avoir affaire a un penis."

The chitinous hollow spine of Stratiodrilus is not repre-

sented, but a number of very minute spinules, represented

in his woodcut on p. 488, though not referred to in the text,

have probably a similar function.

The granule glands are the cells which Foettinger describes

and figures as '^ cellules parietales." With regard to these

he states,^ " Au niveau de la partie anterieure de ces vesicules,

on voit les cellules parietales qui avoisinent le tube digestif

et les muscles dorsaux faire fortement saillie dans le segment

et se recourber vers le bas en longeant les extremites internes

de leur congeneres. Les parties recourbees sent tres etroites

et arrivent a la face dorsale des vesicules ; oil elles se divisent

en deux feuillets nuclees formant une sorte de revetement

cellulaire." From the figure (pi. 29, fig. 2) to which refer-

ence is made it is evident that what are here referred to as

the " parties recourbees " are the ducts of the granule

1 L. c, p. 487.
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glands. The irregular masses which he figures as projecting

into the cavities of the vesicles^ and which he describes as
'' des corps allonges, plus ou moins cylindriques, droits ou

non, homogenes, tres refringents sur le vivant et qui semblent

unis aux parois par une base assez larges/'^ are probably

the masses of the accumulated secretion of these glands to

which reference is made above.

In the female the ovaries (figs. 11 and 12; ov., fig. 17)

occupy a corresponding position in the body to that occupied

by the testes in the male. Anteriorly they diverge
;
poste-

riorly they are coalescent. The formation of the ova begins

in the anterior portion of each ovary (fig. 11), and as we
pass backwards they advance in development. In nearly all

the specimens examined the whole of the posterior part of

the united ovaries is composed of a single immense ovum,

very much larger than any of the rest, and occupying nearly

the entire interior of the body in this situation, the alimen-

tary canal and also the nerve-cord being in this position

greatly attenuated. The diameter of this relatively enormous

ovum is as much as "2 mm.; its nucleus about -02 mm. Its

cytoplasm is coarsely granular, in which it contrasts strongly

with that of the smaller ova. In a few cases, however, there

is a second ovum, somewhat approaching the largest in size,

and resembling it in the coarsely granular character of the

cytoplasm.

The entire ovary is invested in a layer of nucleated mate-

rial, which is probably to be regarded as specially developed

peritoneal epithelium. Probably it is from the cells of this

layer that new ova are formed. It foi'ms a complete investment

for all the larger ova, and this investing follicle, which is of

considerable thickness in an ovum approaching maturity,

has doubtless the function of ministering to its nourishment.

A pair of specially modified nephridia appear to act as

oviducts (fig. 11, od.). These open on the exterior in a

lateral position behind the second pair of cirri, and opposite

the anterior paired portions of the ovary. Each runs first

^ L. c, p. 487.
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forwards and inwards, and then beuds round, following the

line of the anterior border of the ovary, and runs backwards

to open near its fellow of the opposite side into the anterior

part of the space (uterus) containing the large mature ovum.

It is a comparatively wide tube, ciliated internally, with

thick walls, having a granular appearance, due evidently to

the presence of numerous minute bright granules or vesicles.

In close relation to it is a glandular body [vit.), of varying

size, consisting of finely granular material, with a large nu-

cleus here and there, but without cell limits and without

lumen. When well developed this body fills up a good deal

of the space between the wall of the body, the alimentary

canal, and the lateral paired portion of the ovary. It appears

to terminate behind in close relation to the corresponding

oviduct. I am in doubt whether these bodies are to be looked

upon as shell glands or as vitellaria. I think the latter view

is the more probable, and accordingly I have provisionally

given them that name. If they have this function the shell

must be secreted either by the cells of the follicle or by the

wall of the oviduct.

When a ripe ovum has become discharged its place is

taken by the next in size. This must receive accessions of

vitelline matter with great rapidity, as the median ovum in

mature animals is nearly always greatly larger than the next

in point of size. From their arrangement it is evident that

the ripe ova are derived from the right and left sides alter-

nately. The shrivelled follicle of the ovum which has been

last discharged is sometimes to be found pushed on one side

by the ovum which has succeeded.

Foettinger's account^ of the female reproductive organs in

Histriobdella differs from the above in several important

points. The structure of the ovaries is evidently similar in

all essential respects, except that in Histriobdella there is

not, as in Stratiodrilus, a single ovum greatly predomi-

nating in size over the rest—several ova of approximately

equal size occurring together ; and that in the former the

' L. c, p. 473.
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posterior portion of the organ extends nearly to the posterior

end of the body. The ducts would appear^ however, to be

widely different. From each female aperture there runs a

very short canal opening into an ampulla, the cavity of which

is drawn out into digitations. This often contains a granular

material, which passes out and spreads over the surface for

some distance around the reproductive aperture. Usually one

only of the digitations communicates with another ventrally

placed vesicle of spherical form, containing bodies supposed

to be sperms. This vesicle communicates by a constricted

portion with a flattened canal, having cellular walls ciliated on

the dorsal side only ; this opens into the body-cavity.

Living sperms were found in abundance in the body-

cavities of several females. In one instance they had pene-

trated in large numbers into the head, the coelom of which

is not completely cut off from that of the trunk. In one

instance they were found in the tail region—the partition

between this and the segmeut in front apparently not being

sufficiently complete to prevent their passage.

In several specimens dense masses of sperms were found,

always in the neigbourhood of the ripe ovum. But it was

only in one specimen that I happened to meet with the

appearances represented in fig. 12, which appear to explain

the mode of impregnation. Here a darkish body {spr.),

having the size and shape of a cast of the internal cavity of the

penis, with short prolongations representing the three basal

processes, was found with its point directed inwards, close

to the single large ovum and close to the internal opening

of the oviduct. Close to it in front, in the next section, is a

mass of sperms which had begun to become scattered. Ob-

viously the foreign body is the case of a spermatophore,

thrown off from the inner lining of the penis. After having

been discharged—the penis having previously been thrust

through the body-wall—the spermatophore had become rup-

tured and its contents liberated. In the other specimens in

which sperms were found in masses, the case of the spermato-

phore had apparently become absorbed.
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This observation renders evident the purpose of the pair

of claspers with their adhesive glands and the peculiarly

shaped penis. In the act of copulation the male, holding the

female fast by means of the claspers, drives the sharp-pointed

penis through the body-wall in the neighbourhood of the

mature ovum, and discharges a spermatophore into the body-

cavity.

Fertilisation is thus internal, but the fertilised ovum would

appear to be deposited at once, as no segmenting ova were

ever found. The section represented in fig. 12 shows definite

processes given off by the ovum towards the mass of sperms

;

these may be of the nature of receptive prominences, or

perhaps are processes formed during maturation. The body

lettered 'pl. in fig. 12 is most probably a polar body.

As it passes out the oosperm becomes enclosed in a firm

shell, and is attached to the axis of a gill-plume or an epipo-

dite, usually near its base.

Only a few stages in the development of the embryo have

been examined ; a full account of this part of the subject I hope

to be able to communicate at some future time when sufficient

material is available. So far as they go, my results are in

full conformity with the hypothesis dealt with in the following

section, that the Histriobdellidse are derived from the Roti-

fera. When it escapes from the egg, the young Histriodrilus

is fully formed in all respects, except as regards the repro-

ductive organs.

Affinities of the Histriobdellidse.

P. J. van Beneden (1) in his earliest communication on the

subject referred Histriobdella with doubt to the Poly-

chseta, as perhaps the larva of a Serpulid. In. his later

paper (2) he assigned it to the Hirudinea.

Foettinger (6) enters into a full discussion of this question,

and comes to the conclusion that Histriobdella is nearly

related to Polygordius and Protodrilus, and ought to be

looked upon as a member of the class Archiannelida, and
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this view has been generally accepted by later writers,

though frequently with some reservation.

Harmer (12, p. 22) assents to Fcettinger's views as to

affinities, and adds, " In the number of segments, in the

segmentation of the ventral nervous system, and in the

arrangement of the muscular system Dinophilus more nearly

approaches Histriodrilus than any of the other Archiaune-

lida." Hatschek (15) suggests that Histriobdella may be a

degenerate Eunicid. Bisig (5) expresses the opinion that

in Histriobdella we have to do with a strongly modified and

degenerate animal, and not with an Archiannelid.

Though I have not been able to trace a closer affinity

between the Histriobdellidae and any other group of the

Annulata, I have come to the conclusion that to class them

as nearly related to Protodrilus and Polygordius is

altogether unjustifiable. Of the common features which

Foettinger adduces as affording evidence in support of his

view, nearly all are general annulate characteristics. To the

alleged primitive condition of the nervous system no weight

can be attached, since, as I have shown above, this condition

scarcely obtains in Stratiodrilus ; and since, as has been

pointed out by various observers, it is a condition which is

by no means confined to the Archiannelida, but which occurs

also in various Chaetopoda that do not, in other respects,

present any primitive features.^ To the purely negative

feature of the absence of setse, also, it is impossible to attri-

bute much importance.

In both the Polygordiidse and Histriobdellidse the

body is segmented ; but the nature of the metamerism differs

greatly in the two cases. In the former group the segments

are numerous ; they are not very sharply defined externally,

but internally their cavities are separated by transverse par-

titions or mesenteries. In the Histriobdellidae the segments

are few in number : they are defined externally by constric-

tions, and, in the case of Stratiodrilus, by the occurrence of

the paired appendages ; but only one intersegmental partition,

> See Mensch, 21.
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and that an imperfect one, is developed, namely, that at the

commencement of the tail region.

In both families a head is present, and is clearly marked
off from the rest. Its composition, however, does not in any

way correspond in the two cases. lu the Polygordiidse it

consists, as in most Chaetopods, of a prostomium lodging the

brain, and of a peristomium, on the ventral surface of which

the mouth opens. In the Histriobdellidse it is undivided,

and the mouth opens far forwards, near its anterior extre-

mity in front of the brain. The presence on the head of the

remarkable retractile anterior limbs is highly characteristic

of the Histriobdellidae, as is also the presence further back

of the retractile claspers in the male. The highly developed

posterior limbs with their glands are also special structures.

One of the most characteristic features of the structure of

the Histriobdellidae is the presence of the elaborate jaw

apparatus, which is not represented in the Polygordiid^,

though the muscular sac appended to the oesophagus in the

members of the latter family may correspond to the sac in

which the jaws are lodged in the Histriobdellidge.

A blood-vascular system is fairly well developed in the

Polygordiid^, but is not present in the Histriobdellidse.

The nervous system is much more highly developed in the

latter than in the former, and the venti'al nerve-cord takes

the form of a chain of ganglia metamerically arranged,

whereas in the Polygordiidae there is no trace of ganglia.

The reproductive organs of the Polygordiidae are of a

generalised character, and are constructed on the same

general plan as those of the Polychseta. In the Histriobdel-

lidee they are highly specialised. On the whole it appears to

me that the relationship between the Histriobdelhdae and the

Polygordiidae is extremely remote, and not such as to justify

their inclusion in the same class.

A comparison with Dinophilus reveals certain common
features not shared with the Polygordiidae. In both Dino-

philus and the Histriobdellidae the animal consists of a dis-

tinct head, and a trunk consisting of a small number of
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segments. In Dinopliilus there is sometimes (D. meta-

meroides) an undivided post-anal or tail region, beset with

small adhesive papillae, with glands serving as organs of

attachment. In both groups the ventral nervous system

consists of metamerically arranged ganglia, though in

Dinophilus there are two separate chains connected by trans-

verse commissures (at least in Schimkewitsch's species) into

a ladder- like structure (25). Dinophilus wants the tentacles

and cirri
;
possesses bands or a cavity of cilia, and a pair of

eyes. In some species the metameric condition of the

nephridial system is more pronounced than in the Histriob-

dellidas. in others less so ; there is an extension forwards into

the head. In Schimkewitsch's species there are metameric-

ally arranged bundles of annular muscular fibres, and a pair

of ventral longitudinal muscles. In the alimentary canal

there is a close resemblance between the two groups, though

the horny jaws are absent in Dinophilus. Though Dino-

philus possesses a mesoderm, segmented in the larval condi-

tion, developed from primitive mesoderm cells, its general

body-cavity has no epithelial lining, and the equivalent of

the coelom is reduced to the cavity of the reproductive

organs. In the reproductive organs there is a considerable

similarity between the two groups, especially in respect of

the male apparatus with its median penis and associated

hypodermic mode of impregnation, and the paired vesiculae

seminales.

On the whole I consider that there is more reason for

including Dinophilus and the Histriobdellidse in one class

than for grouping either of them with the Polygordiid^e.

It is obviously of radical importance in connection with

this question to determine if those features of the Histriob-

dellidse which seem to be of a primitive nature can be

explained as a result of degeneration. If the Histriob-

dellida3 ai-e degenerate they must be degenerate Chsetopods,

or, at all events, degenerate achaetous Annelids. If we are

to take this view, we must at the same time acknowledge

that, side by side with the supposed degeneration, there must

VOL. 43, PART 2. NEW SKRIES. Z
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have gone on a special development in certain directions ;

that, while the definite character of the segmentation became

lost, a special set of locomotor organs with an elaborate

muscnlature became evolved, the mouth became shifted for-

wards, and complex reproductive organs of a specialised type

were developed. This view appears to me to involve diffi-

culties so great that they render the degeneration theory

extremely improbable, and it seems more in accordance with

the facts of the case to conclude that the Histriobdellidse are

really primitive Annulates, and that the rudiments of their

specialised features have been inherited from forms lower in

the scale.

A connection between Dinophilus and the Rotifera has

been insisted on by various writers, notably by Schimke-

witsch (25), who says, '^ Ohne Zvveifel sind audi einige Ziige

vorhauden die Dinophilus mit den Rotatorien verbinden : die

Furchung des Eies, die Anwesenheit des Schwanzanhanges,

der mit deni Fusse der Rotatorien iiberemstimmt, der ge-

schlechtliche Dimorphismus: man muss auch gestehen, dass im

Baue des Nervensystems und der Hautmusculatur der Rota-

torien die Tendenz zur Erwerbung der Metamerie bemerkt

werden Kann ; bei Dinophilus aber erstreckt sich diese

Tendenz auch auf das Mesoderm und die Excretionsorgane.

Auch bei den Rotatorien erscheineu, wie bei Dinophilus die

Genitalhohlen als einzige Homologa des Coloms. . .

" Es giebt aber auch ausser der Metamerie des Meso-

derms einen fundamentalen Unterschied in der Entwicke-

lung ; die Rotatorien besitzen nach den Beobachtungen

Zelinka's gar Kein Mesoderm, wogegen bei Dinophilus die

raesoepitheliale Anlage vollkommen entwickelt ist. . . .

" Es Konnen also die Dinophiliden entweder als oligo-

meren Archianneliden deren Colom sehr spiit im Laufe der

Entwickelung erscheiut und ganzlich auf die Bildung der

Genitalhohlen mit ihren seitlichen Anhangen geht angesehen

werden, oder man Kann sie auch als Rotatorien auffassen,

die eine echte metamere mesoepitheHale Anlage, vielleicht

durch das Anwachsen der Genitalanlage, und die metamer

angeordneten Segmentalox'gane bekommen habeu " (p. 74).
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It will be observed that in order to counect Dinophilus

genetically with the Rotifera we have not only to assume the

development of metamerism, but also the loss of the mastax

and the appearance of the external ciliation.

Let us now consider what assumptions must be made if we
are to regard the Histriobdellidfe as direct descendants of

the Rotifera. The evolution of an incomplete metamerism

must of course be assumed. But there are indications of

such a tendency not only externally, but in both the muscular

and nervous systems of the Rotifera.

In the general shape the Histriobdellidte more nearly

resemble the Grastrotricha than the Rotifera proper—in

the narrow body, in the presence of a distinct head region

having the mouth at its anterior end, and in the foot being

represented by a pair of processes each with its pedal gland,

with the anus situated nearly between them on the dorsal

side. But in Paraseison (23) we have a true Rotifer in

which the trochal disc is not developed, and in which there

is a definitely separated head region, containing the brain

and the mastax, and having the mouth at its anterior end.

The tail region of the Histriobdellidaa corresponds to the

tail of the Rotifer ; the posterior legs of the former to the

''toes" of the latter. The tail of the Rotifer is always

entirely post-anal; but, as sliown by Tessin and by Zelinka

(27), its interior is filled at an early stage with endoderm

cells, from which circumstance the latter author comes to the

conclusion that the anus originally opened at the end of the

tail. In the Histriobdellid^e the terminal position of the

anus was retained.

The resemblance between the glands in the bases of the

posterior legs of the Histriobdellidae and the foot glands of

the Rotifers will be obvious. In some cases the latter would

appear to consist of homogeneous masses of protoplasm, not

divided into cells, with scattered nuclei (Plate, 24) ; but in

others (Callidina), as in Stratiodrilus, each is a group of

distinct, apparently dust bearing, cells (Zelinka, 27).

In Paraseison, as already noted, there is a head region
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closely comparable with that of the HistriobdelUclee. From

the month, situated anteriorly, a long narrow oesophagus

runs back ; and contained in a diverticulum of this, given off

close to the mouth, is lodged the mastax.

The various tentacles or papillae tipped with sensory cilia

on the anterior region in the Eotifera are closely comparable

to the tentacles of the Histriobdellidae. Homologues of the

anterior or head legs of the Histriobdellidae are not of

general occurrence in the Eotifera. But the groups of

unicellular glands forming a viscid secretion, the ducts of

which, in Paraseison, open at certain definite spots on the

surface of the head, appear to perform a similar function in

connection with locomotion to the glands of the anterior legs

in the Histriobdellidte, and may be homologous to them.

And still closer come the pair of mobile retractile tentacles

of Floscularia Hoodii, which would appear to be provided

with glands at their bases.^ Homologues of the cirri of

Stratiodrilus are readily to be found in the processes or

papillae tipped with sensory cilia on the body of various

Eotifera.

The nervous system of the Histriobdellidae differs from

that of the Eotifera in the presence of the ventral chain of

ganglia, but the discovery by Zelinka (27) of a subcesopha-

geal ganglion in Callidina and Di scop us serves to greatly

reduce this difference.

The nephridial system, like the nervous, differs from that

of the Eotifera in partaking (though in this case only to a

slight extent) in the metamerism of the body, and also in the

absence of ciliary flames.

The reproductive system is readily capable of being con-

strued as a direct development from that of the Eotifera.

One of the most striking points of resemblance is the median

penis with the associated mode of impregnation. The I'ela-

' I obtain my information on this point from Hudson and Gosse's ' Koti-

fera,' in which it is stated (p. 55), "Mr. Hood tells me that both in young

and adult specimens he has seen brown granular matter discharged from their

free ends."
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tions of a pair of nephridia in the genital segment to the

reproductive apparatus is a special development following

upon the establishment of metamerism, such as we could not

expect to see foreshadowed among the Rotifera. The secon-

dary male character of the presence of the claspers seems to

be paralleled in some species of As planchna, in which there

is present only in the males a pair of lateral processes which

seem to have glands at their bases.

If, as the evidence adduced above seems to indicate, the

Histriobdellidse are primitive Annulates which retain certain

Rotiferan features that have become lost or disguised among

higher forms, it becomes necessary to account for Dinophilus

in a similar manner, unless Ave are to suppose that the annu-

late features of the latter have had an independent origin.

Now Dinophilus, while in most respects distinctly less

advanced than the Histriobdellidas towards the normal

annulate type, has at the same time fewer Rotiferan features,

and is looked upon by most of the zoologists who have paid

special attention to it as directly related to the Turbellaria.

If, however, the evidence in favour of the derivation of the

Histriobdellid^ from primitive Rotifers is sufficiently strong,

we must look on Dinophilus as having diverged from the

direct line of descent between the two groups, and as having

lost some of the Rotiferan features that in the Histriobdel-

lidee have undergone a further evolution.

The phase of metamerism which the Histriobdellida3

exhibit is of great interest. The metamerism of Stratio-

drilus and that of a Chaetopod must be acknowledged to be

of the same nature, though the former is less complete in

certain respects. In an animal which, Avhatever may be the

nature of its food, is of extremely alert and active habits,

great degeneration does not seem to me probable; and yet,

unless we are to look upon the Histriobdellidse as degenerate,

it is impossible to avoid the conclusion that in them we have

a metamerism tending in the direction of that of the Annu-

lata, but in an incipient condition . If this be granted, it

carries with it the conclusion that the metamerism of the
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Annulata did not result from the modification of a chain of

zooids developed by serial budding as supposed by Haeckel^

Hatschek, and others ; but by the dividing up of the body of

an elongate animal into a series of similar parts (Laug,

Meyer, Eisig). In whatever manner the mesoderm bands,

the mesoderm somites, and the resulting secondary meso-

dermal structures may have first originated, whether by

modification of reproductive cells as supposed by E. Meyer,

or by the proliferation of primitive mesodermal elements, it

appears probable that the various organs passed through a

condition of pseudo-metamerism, which became converted into

nascent true metamerism as the ciliary mode of locomotion

became completely given up, and a creepiug mode fully

adopted.
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EXPLANATION OF PLATES 14 and 15,

Illustrating' Prof. William A. Haswell's papei- '^On a New
Histriobdellid."

List of Reference Lellers.

cic. Accessory glands of iDale reproductive apparatus, br. Bridle pieces of

jaws. br. c. Nerve-cells of brain, hr.f. fibrous matter of brain, c. Cirrus.

cl. Clasper. en. CEsopliageal connective, coe,. Cceloni. cce. ep. Coelomic

epithelium. /. Fulcrum of upper jaw. fol. FoUiclfi of large ovum. gl. cl.

Gland of clasper. gii. cd. Ganglion of nerve-cord. g)i. t. Tentacular

ganglion, gr. gld. Granule glands, int. Intestine, j} Upper jaw. j.^

Lower jaw. /. a. Anterior legs. I. al. Leg gland. /. p. Posterior leg.

m. Mouth, m. d. Dorsal longitudinal muscles, m. ob. Oblique muscles.

m. V. Ventral longitudinal muscles, neph. Nephridium. n. I. Lateral nerve.

od. Oviduct, oes. ffisophagus. ov. Ovary, f. Penis, p.j. Muscular fibres

supposed to act as protractors of jaws. pro. m. Protractor muscles of penis.

r. Ramus of upper jaw. r. cl. Retractors of clasper. reir. m. Retractor

muscles of penis, r. j. Retractor muscles of jaws. r. I. a. Retractors of

anterior legs. st. Stomach, str. m. Striated muscle of jaws, t.^ Median

tentacle, t.^ t.^ Lateral tentacles, te. Testis, v. def. Vas deferens, vei.

Vesicula seminalis. vit. Vitellarium.

Fig. 1.—Entire male of Stratiodrilus tasmanicus. X 200. The

outline drawn from a living specimen with the aid of camera lucida : nervous

system coloured blue, muscles red, nephridia (including vasa deferentia)

green. To avoid too great complication the ganglion situated on the dorsal

side of the penis and the oesophageal connectives have been omitted.

Fig. 2.—Outline of female specimen with the nervous system (coloured

blue).

Fig. 3.—Transverse section of a portion of one of the longitudinal bands

of muscular fibres, the coelomic surface below, x 1500.

Fig. 4.—Jaws with the rami retracted, ventral view. X 800.

Fig. 5.—Jaws with the rami everted, ventral view.

Fig. 6.—Approximately transverse section of head in the brain region.

Fig. 7.—Transverse section of head behind the brain region in the region

of the anterior legs.

Fig. 8.—Longitudinal vertical section of head, approximately median.

Fig. 9.—Transverse section of the second segment, immediately behind

the first pair of cirri.
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Fig. 10.—Transverse section of female in the region of the second pair of

cirri.

Fig. 11.—Transverse section of the same series as that represented in Fig.

10, in the region of the anterior paired portions of the ovaries.

Fig. 12.—Section (somewhat oblique) of female specimen in the region of

the posterior unpaired part of the ovary, showing spermatophore; jor. processes

of ovum.

Fig. 13.—Transverse section of caudal region.

Fig. 14.—General view of the male reproductive organs.

Fig. 15.—Ventral view of penis.

Fig. 16.—Lateral view of penis, partly protruded.

Fig. 17.—Ovary. The follicle cells are not represented.
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On Spongioporphyrin : the Pigment of

Suberites Wilsoni.

By

C. A. MacMunii, M.A., M.D.

With Plate 16.

I. Spongioporphyrin.

Preliminary. — In July of last year Professor Ray

Lankester sent me a specimen of the Australian spouge^

Suberites Wilsoni, which is coloured a fine purple, with

a request that 1 would report on its colouring matter. Pro-

fessor Lankester had already named this pigment Spongio-

porphyrin, a name which is most suitable, but which must

not lead to the supposition that the pigment is in any way

related to liEematoporphyrin, as I shall show further on.

Accompanying this specimen were also specimens of ano-

ther sponge, viz. the Hexactinellid Polyopogon gigas,

and of a gorgonian coral, both being coloured purple. These

were sent so that I might determine whether their pigments

were related to that of the Suberites.

Mr. Kirkpatrick, assistant in charge of the collection of

sponges at the British Museum, had made at Professor

Lankester's request some observations on the pigments

both of Suberites and of Polyopogon, which are in-

cluded in this report by Professor Lankester's wish.
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This pigment is characterised by possessing a very well-

marked banded absorption spectrum, and by certain other

chaiacteristics which distinguish it from other pigments

which have been hitherto described.

An inspection of the accompanying plate shows the remark-

able spectra which the various solutions of Spongioporphyrin

present. Looking at sp. 5 or 6, one is reminded of oxy-

hsemoglobin, of carminic acid, of turacin, and of antedonin,

etc. ; but a closer inspection reveals differences between the

spectrum of Spongioporphyrin and that of any known animal

or vegetable pigment, and, as will be seen further on, the

wave-length measm-ements of the absorptive bands of the

solutions of this pigment, and the chemical characters of

these solutions, show that it is a pigment not identical with

any hitherto described.

Acid Solutions of Spongioporphyrin.^—Professor

Lankester had suggested various solvents to Mr. Kirk-

patrick, and among others alcohol acidulated with nitric

acid, and the spectrum of this solution was mapped by the

latter observer correctly, and is shown in sp. 1.

This represents the spectrum of a suitable depth, or suit-

able concentration of solution. In a deeper layer, or in a

more concentrated solution, the absorptive bands coalesce,

and one can see a broad black band occupying the middle of

the spectrum, the red rays and some of the blue being trans-

mitted, while in a deeper layer still, or in a more concentrated

solution, only some of the red rays are transmitted.

All the acid solutions of Spongioporphyrin have a red-

pui'ple colour, while the alkaline solutions have a bluer tinge.

This difference is especially well marked when the solutions

are filtered ; the filtering paper being coloured reddish purple

in the case of the acid solutions, and bluish purple in the case

of the alkaline solutions.

Taking the readings of a suitable depth of a rectified (90

per cent.) spirit solution acidified with a couple of drops of

nitric acid we get,—First band, from X 595 to X 583, centre

• Of course all these solutions were filtered.
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689 ; second band, including shadings, A 577 to A 545, the

dai'ker part extending from A 574 to A 552 ; the centre of

darkest part being about A 563.

Hydrochloric acid is quite as good a solvent for the pig-

ment as nitric acid, when added in very sliglit amount to

alcohol or even distilled water, and is really preferable for

many reasons; but alcohol acidulated witli sulphuric acid is a

very poor solvent.

A solution of Spongiopoi'phyrin in absolute alcohol acidu-

lated slightly with hydrochloric acid, gave the following

measurements for the absorption bands :—First, A 602 to

A 574, including shadings, dark from A 598 to A 580 ; second,

A 566 to A 556-5; third, A 548-5 to A 535.

The bands in an aqueous solution acidulated with hydro-

chloric acid, of which the spectrum is shown in sp. 5 (only

for another depth of solution), read—First baud, A 592 to

A 542, dark part A 586 to A 547, centre about A 566 ; second

band, A 533 to A 514, centre A 524.

The pigment is gradually deposited from an aqueous solu-

tion acidulated with hydrochloric acid, and can be quickly

precipitated out by adding caustic potash solution drop by

drop until the fluid is slightly alkaline. In this way I found

that I could isolate Spongioporphyrin, as will be referred to

below.

Mr. Kirkpatrick found, as I have done, that the pigment

is insoluble in benzol, ether, chloroform, and ammonia, but I

find that distilled water and glycerine take a little up as well

as water to which a little ammonia has been added.

Neutral Solutions of Spongioporphyrin. — The
spectrum of a neutral aqueous solution is shown in sp. 7,

and that of the solid pigment mounted in balsam in 8. That

the very small amount of acid or of alkali required to extract

the pigment must exert some slight influence on the pigment
is shown by a comparison of the spectra of the alkaline and

acid solutions. Compare, for instance, sp. 5 and 6 with 3

and 4. Of course the alcohol acidulated extracts show a

different spectrum from that of the corresponding acidulated
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aqueous extracts, as is usually the case,— due, no doubt, to

the different refractive index of the solvent.

An aqueous solution gave the following readings for the

absorption bands :—First, A 592 to A 547, dark from A 586

to A 552, centre A 571 ; second, A 538 to A 516, centre A 527.

If an excess of sulphuric acid, or of hydrochloric or

nitric acid, be added to such a solution, we finally, after

allowing the solution to stand some time, get the spectrum

shown in sp. 9. Certain intermediate changes of spectrum

take place which are not easy to map.

Glycerine, as already said, also extracts some of the pig-

ment from the sponge, forming a violet sohition, and giving

two bands :—First, A 586 to A 550, dark from A 58r5 to

A 560; second, A 540 to A 518.

Alkaline Solutions of Spongioporphyrin.—Both

caustic potash and caustic soda, added in small quantity to

alcohol or to water, are capable of extracting considerable

quantities of pigment. Ammoniacal alcohol, on the con-

trary, extracts very little; in aqueous solution it extracts

more. But whereas we can precipitate Spongioporphyrin

out of an acid solution, such as that obtained with hydro-

chloric acid, by means of caustic potash, we cannot do so by

adding an acid to the alkaline solution, or at least only to a

limited extent.

If a o-reat excess of caustic alkali be added to a solution

of Spongioporphyrin, obtained by extracting the sponge with

water or alcohol containing a little caustic alkali (and giving

sp. 3 and 4), no further change takes place.

Although the colour of such a solution seems red in deep

layers or in concentrated, solutions, yet in thin layers or in

weak solutions it is more of a bluish colour than the acid

solutions, or to be more correct it has a violet colour.

If we take a solution got by digesting some sponge with

water to which a few drops of caustic soda have been added,

and examine a deep layer, we find the red rays between, say,

A 620 and A 700 are transmitted; in a less deep layer the

spectrum is blocked out from about A 615 to A 505, while in a
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still thinner layer a band from about A 610 to X 515 appears,

and on diluting further or diminishing the layer we get sp.

3, and in a still thinner layer or more dilute solution sp. 4.

An aqueous and caustic potash solution, a few drops only of

the alkali having been used for the extraction, having a fine

deep thick purple colour, gave the following measurements

for the bands :—First including shadings from X 602 to X 552,

dark from X 595 to X 560, centre about X 577 ; second, X 545

to X 522, centre about X 534. A thin layer or a dilute solu-

tion has a beautiful lavender tint.

Although the spectrum obtained by adding an excess of

a mineral acid to a feebly acid solution finally shows the

spectrum of sp. 9, yet there is evidence of the presence of

some intermediate substance which may show five or six

bands. I have not yet investigated this substance or

substances. As stated above, an excess of caustic alkali does

not seem to produce any change of spectrum. Nitric acid

added to a weak aqueous solution acidulated with hydro-

chloric acid produces the change just mentioned. Sulphuric

acid produces a similar effect.

Is this Pigment Respiratory ?—The addition of

ammonium sulphide to a neutral aqueous solution of

Spongioporphyrin lightens the colour of the solution and

diminishes the intensity of the bands, and on vigorously

shaking with air the bands did seem darker and the colour

deeper. The addition of formol produces no change. The
slight change produced by reducing agents does not enable

one to conclude whether the pigment is respiratory or not.

The Action of Strong Sulphuric Acid.—It was

necessary to find out if strong sulphuric acid produces any-

thing like ha3matoporphyrin, when made to act on Spongio-

porphyrin, as it does in the case of turacin.^ Accordingly

some pigment isolated as described below was treated with

pure sulphuric acid, and filtered through asbestos. The
filtrate, which was of a purple-red colour and showed a

spectrum closely resembling sp. 5, was poured into water,

* 'Pbilos. Trans.,' vol. clxxxiii, p. 516.
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and ammonia added to alkalinity ; the precipitate wliicli

formed was separated by filtration and a part digested in

alcohol and ammonia, but this merely showed the ordinary

alkaline spectrum as shown in sp. 3, Another part was digested

in alcohol acidulated with sulphuric acid, but this only showed

a spectrum similar to sp. 1. Hence Spongioporphyrin is not

allied to haemoglobin or to haematin.

Isolation of Spongioporphyrin.—After trying various

methods of isolating the pigment, I have come to the con-

clusion that by far the easiest and best method is as follows :

—Extraction of portion of sponge with distilled water, to

which a little hydrochloric acid has been added, filtering,

precipitating the filtrate with caustic potash to feeble alka-

linity, collecting the precipitate on a Schleicher and Schiill's

toughened filter-paper, washing on the filter-paper with

abundance of distilled Avater, collecting precipitate, drying,

and washing with alcohol and ether. The amorphous pre-

cipitate can thus be obtained fairly pure, or it may be further

purified by re-solution and precipitation. So far I cannot

obtain it in crystals, and on incineration on platinum foil it

leaves a little greyish ash. I have not yet been able to get

enough pigment for a series of combustions, nor to determine

more closely its chemical characters, but I find that it is

soluble in distilled water acidulated with hydrochloric acid,

and insoluble in ether, chloroform, benzol, absolute alcohol,

liquorice, distilled water, aqueous solutions containing caustic

potash, and in alcohol containing caustic potash. Like the

pigment as it exists in the sponge, it is soluble slightly in

alcohol acidulated with hydrochloric acid. Solutions of the

isolated pigment give the same spectra as those obtained

from the coloured sponge itself.

11. The Pigment of Polyopogon gigas.

Whereas Spongioporphyrin is very stable, even when

treated with strong mineral acids, the colouring matter of
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Polyopogon is extremely unstable. This was observed by

Mr. Kirkpatrick, who states in his notes: " {a) HNO3 bleaches

instantly; (&) KHO turns colour from pui-ple to brick-red;

(c) KHO and NHo added to a bleached piece of sponge partly

restore colour; (d) the alkaline (KHO) brick-red colouring-

matter is bleached by HNO3, and again restored by adding

more KHO; (e) colouring matter insoluble in benzol."

In contrast to the pigment of Suberites, that of Polyo-
pogon disappears at once when portions of sponge ai*e put

into water acidulated with hydrochloric acid. On putting

portions into water to which a little caustic potash had been

added, the colour changed to brick-red. The sponge itself

has a kind of dull violet-brown colour quite diiferent from that

of Suberites, and in the sponge itself and in its solutions I

could not see any absorption bands.

Both water and glycerine take up some pigment from

Polyopogon. The aqueous solution has a pale violet tint,

and shows no bands. Nor do any appear on treatment with

ammonium sulphide. The same remarks apply to the glyce-

rine extract.

Portions of sponge clarified by means of glycerine and
examined with an Abbe condenser and open diaphragm, and
microspectroscope, show no bands before or after adding

ammonium sulphide.

This pigment may be isolated by taking an acidulated

alcoholic solution, which has a faint yellowish tint, and
shows no bands, and adding a little caustic potash solution.

The almost colourless fluid gets reddish. The precipitate

may then be filtered off and further purified.

If a bit of sponge be taken which has lost its colour under

the influence of alcohol acidulated with hydrochloric acid,

and be washed free from acid and then be placed in water
containing a little caustic potash, the sponge becomes reddish

brown. If now the alkali be Avashed off, and a little water to

which hydrochloric acid has been added is poured on the bit

of sponge, the latter is again almost decolourised. It has

now, however, a faint greenish tinge. On again washing and
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adding caustic potash solution the reddish-brown colour is

restored.

Weak spirit will not dissolve the pigment, as Moseley

found it did in the case of Polyopogon amadou.^

Hence it is quite evident that the pigment is quite dif-

ferent from Spongioporphyrin.

III. The Pigment of a Gorgonian Coral, Pterogorgia pinnata.

Professor Lanhester found the pigment of this species

" insoluble," and truly it is so. I tried all kinds of solvents,

but without result. Alcohol, ether, chloroform, acidulated

water, aqueous alkaline solutions, etc., were all tried in vain.

In the case of the Alcj^onarian Heliopora Moseley ^ found

he could get the pigment out by dissolving the corallum in

hydrochloric acid. I tried all kinds of acids, but with a

negative result. The pigment as it is present in the or-

ganism does not seem affected by acids or by alkalies. I

may mention that the spirit in which this specimen had been

preserved showed a faint chlorophyll spectrum.

From a specimen of the solid pigmeut mounted in balsam,

which Professor Lankester had prepared, I could see no

definable bands with the microspectroscope, so that one can

infer that this pigment is not related to Spongioporphyrin,

and it is not identical or apparently related to the pigment of

Polyopogon.
Remarks,—On looking up the literature of sponge pig-

ments I cannot find any mention of any pigment which

presents the characters of Spongioporphyrin.

Krakenburg^ is the only observer who has made any

extended observations on the pigments of sponges. I

thought at first I was dealing with a '^ floridine " when

> ' Quuit. Journ. Micr. Sci.,' vol. xvii, N. S., p. 1.

2 'Vergl. jjliyMol. Vortriige/ 1S8G, ill, aud ' Vergl. plijsiol. Stud.,' 1882,

p|). 22, etc.

^ For rlili)ropl:\ n, etc., 'ii spoiif^^cs, see ' Joiirn. Pliysiol.,' vol. ix, No. 1.
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examining Spongiopoi'phyrin, but I am now sure that such

is not the case.

On comparing Spongiopoi-phyrin with polyperythrin,

which I have shown reasons for supposing to be haematopor-

phyrin/ with antedonin, which is shown in sp. 10^ drawn

from a specimen given me by the late Professor Moseley,

and with, in fact, all the pigments which have been described

up to the present time, I am quite sure we have in Spongio-

porphyrin a pigment which is new to biology.

I hope soon to be able to say something more about the

chemical characters, as well as about the spectrophotometry

of this pigment. In being apparently so easily isolated and

purified, as compared with pigments which are mixed with

fat, or even of a fatty nature, it promises to give interesting

results when submitted to a thorough chemical examination.

EXPLANATION OF PLATE 16,

Illustrating Mr. C. A. MacMunn's paper " On Spougiopor-

phyrin : the Pigment of Subcrites Wilsoni."

(The scale atlaclied is one of wave-lengllis in 100,000lIi nun.)

Sp. 1.—Spectrum of a rectified spirit and nitric acid extract, of Spongio-

por|)liyrin.

Sp. 2.—Tlie same; sliallower de|)tli or weaker solution.

Sp. 3.—An aqueous and caustic soda solution of Spongiopor])livrin.

Sp. 4.—Tiie same; shallower depth or weaker solulion.

Sp. 5.—Spongioporplijrin in water acidulated with iiydrocliloric acid.

Sp. 6.—Tlie same ; shallower deptli or weaker solution.

Sp. 7.—Neutral aqueous solution of Spongioporphyrin.

Sp. S.—Spongioporphyrin in neutral state mounted in Canada balsam.

Sp. 9.—Action of excess of nitric acid on an aqueous solution of Spoimio-

por[)hyrin.

Sp. 10.—Moseley 's antedonin, mounted in balsam. Eioin a specimen |)ut,

u|) by tlie late Professor Moseley when on the " Cl!allppi,^er."
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Postscript.

The Spectrophotometry of Spongioporphyrin.

In this Journal (vol. 40), in his paper "On the Gi'een Pig-

ment of the Intestinal Wall of Chgetopterus," Professor

Lankester has given curves showing the percentages of light

transmitted by solutions of chsetopterin and bonellin. These

curves were drawn by Professor Engelmann, being worked

out by means of his microspectrophotoraeter. At Professor

Lankester's request I here give spectrophotometi-ic curves for

feebly alkaline and fully acid spongioporphyrin. I may

briefly describe the insti^ument by means of which these

curves were obtained. It is constructed on the lines first

proposed by Vierordt/ but with improvements since made

by the brothers Kriiss^ and others. It consists of a double

slit, the jaws of which open symmetrically to the optic axis
;

this was made by Mr. A. Hilger, and he has constructed the

screws so well that there is not the slightest " lash," or any

other defect. The eye-piece is provided with the usual

moveable shutters, and the instrument with a measuring

arrangement ; by means of these a slice of the spectrum can

be isolated and measured in wave-lengths. The glass cells

are provided with Schulze's "glass body," and are 11 mm.
from front to back, the "glass body" being 10 mm. in the

same direction ; thus one can compare a depth of fluid of

1 mm. with one of 11 mm., which is the same as compai'ing

10 mm. with a depth of nothing. The graduated drumhefids

attached to the screws, moving the jaws of the slit, allow

' ' Journ. Physiol.,' vol. vii, No. 3 ; vol. viii, No. 6.

^ Vierordt, ' Die Anwendung- des Spectralapparates zur Photometrie der

Absorptionsspectren,' etc., 1873 ; and ' Die Qiiantitativ Spectralanaljse in

ilirei- Anwendunjr,' etc., 1876.

2 Kiiiss, G. and II., ' Koloriineirle nnd Quantitativ Spektral Analyse,'

etc., 1891.
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one to read off the percentages of unabsorbed light. These

are the percentages which are expressed by the ordinates

of the curves. The abscissfe of the curves are wave-lengths

of light, in millionths of a millimetre (lufi).

I may now give the data upon which these curves are con-

structed.

[The tables of measurements and the diagrams exhibiting

these results in the form of a curve are printed on the next

tAvo pages (pp. 348, 349), so as to enable the reader to com-

pare tliem without diflBculty. They should be compared with

tlie similar curves drawn by Professor Engelmann for

chEetopteriu and bonellin (this Journal, vol. 40). The size

and conditions adopted for the two diagrams of absorption

curves here figured would seem to be well adapted to serve

as a standard scheme, and it would be desirable to have a

series prepared on this model, illustrating the absorption of

each of the more important substances which present irre-

gular curves of absorption, such as haemoglobin, chlorophyll,

potassium permanganate, nitrous oxide gas, etc.— E. R. L.]
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I.

Feebly Alkaline Spongioporphyrin (a little KHO in

distilled water).

\ = wave-lengths in fifi (1 = 0"001 /x).

A. A weak solution.
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II.

Feebly Acid Spongiopoephyrin (a little HCl in distilled

water)

.

\ = wave-leugths iu jujtt (1 = O'OOl n).
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Further Remarks on the Development of

Amphioxus.

Bj

E. \¥. MacBiide, Itl.A., D.Sc.(I.oii€l.),

Professor of Zoology in McGill University, Montreal.

Witli Plate 17.

In 1897 I published in this Journal (6) a paper entitled

" The Early Development of Amphioxus." In this work it was

shown— (1) that the gut wall is all formed by the endoderm,

and that the blastopore is at first posterior and subsequently

displaced on to the dorsal surface
; (2) that the mesoderm

originated from five distinct rudiments, viz. (a) an anterior

pouch of the gut, from which the head cavities are formed

;

(b) a pair of dorso-lateral pouches which give rise to the first

pair of myotomes, and to long ventral sac-like outgrowths of

the same which extend back into the atrial ridges; and (c) a

pair of dorso-lateral grooves in the gut wall extending back

to the blastopore, which gradually become separated off in

front, and at the same time divided up to form all the myo-

tomes which succeed the first.

It was further shown, in the paper referred to, that the tube

found in the larva on the left side above the mouth, and

called by Hatschek a nephridium, was the persistent con-

nection existing between the first myotome on the left side

and the gut, from which in the younger larva it had origi-

nated as an outgrowth. Lastly, I asserted that the lymph

canals found in the metapleural folds were the remains of the

ventral extension of the first myotomes.
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lu the same number of this Journal in which my paper

appeared, Professor Lankester published a criticism (4) of

some points contained in it. He considered that in referring

to a paper by himself and Willey (3) I had given the impres-

sion that they had not deviated from Kowalevsky's view on

the subject of the development of the atrial cavity ; and that

further, since in my own paper I used the term "' atrial fold
"

to denote the wall of the atrial cavity, I had virtually adopted

Kowalevsky's view on this subject, and overlooked the cor-

rection of this view by Dr. Willey himself, and that in so

doing I was '' perpetuating error,"

Such a strong statement from a zoologist occupying the

position of Professor Lankester could not be passed over in

silence. But various preoccupations, especially those con-

nected with the organisation of the Zoological Department in

McGill University, prevented my undertaking a renewed

examination of my preparations before now. This I have,

however, at last accomplished, and the results of this exami-

nation are given in the present paper. In general it may be

said that these results confirm Kowalevsky's position as to

the mode of formation of the atrium, but in many details

they support the observations of Lankester and Willey.

Kowalevsky observed (2) in the older larvae of Amphioxus
that two ridges appeared on the ventral surface. Subse-

quently he found underneath the animal a median tube—the

rudiment of the atrial cavity. This tube was situated be-

tween the ridges observed in an earlier state, and these ridges

could still be observed projecting from its walls. These

freely projecting portions could be traced into still older

larvEe, and Avere found to constitute the metapleural folds of

the adult. The canals contained in the folds were stated by

Kowalevsky to be extensions of the general coelom. The

interpretation placed by Kowalevsky on his observations was

that the ridges had met beneath the ventral surface of the

body, and so enclosed the atrial cavity.

Lankester and Willey (3) have made similar observations,

but have interpreted them rather differently. Tliey say the
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atrial cavity becomes floored in by ingrowths whicli meet one

another, arising from the inner sides of the free ridges.

They were not able to trace the lymph canals into continuity

with the coelom, but state that they appear to be formed by

the hollowing out of the originally solid ridges. The atrial

cavity is at first a narrow tube, whicli later expands so "as

nearly to surround the alimentary caual.^'

When in my first paper I stated that Lankester and Willey

had confirmed most of Kowalevsky's results, I believed then

and believe still that the difference between the flooring in

of the space existing between two ridges, and the growing

together of the same ridges so as to meet, were practically

only a difference in the form of expression. Kowalevsky

undoubtedly figured the atrial ridges too far from the mid-

ventral line, and does not seem to have observed the first

origin of the cavity, but only a later stage, and the account of

Lankester and Willey is a needed correction of his observa-

tions ; but it seems to me rather unreasonable to require a

detailed reference to these minor differences in a paper

mainly devoted to the earlier development of Amphioxus

;

especially when in a later part of the same paper I further

described the views of Lankester and Willey as to the mode
of growth of the atrial cavity, and expressed doubts as to

their accuracy.

Both, however, in the resume of their observations given

by Lankester and Willey, and in the criticism of my paper

by Professor Lankester, there is a view put forward of the

origin of the atrial cavity which seemed to me most improb-

able, and one main object of the present paper was to test its

accuracy by fresh observations.

In the paper by Lankester and Willey they sum up the

development of the atrium in these words :
'' a narrow groove

which closes and sinks (as it were) into the body of the

Amphioxus ;" although tliey are careful to add that the

mode of formation suggested by Kowalevsky and that de-

scribed by them " ultimately come to the same thing so far

as the obvious morphological relations are concerned." In
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Professor Lankester's later paper he asserts that he and

Willey showed that there were no atrial folds at all;

since the atrial cavity originated as an insinking formed

between two free edges which were only the metapleura.

A renewed and careful examination of my preparations

has led me to a different conception of the origin of the

atrial cavity. I hold that there are atrial ridges, and that

the first rudiments of these make their appearance long

before the stage in which they were observed by Lankester

and Willey.

In transverse sections of larvEe of the latest stage to which

they can be artificially reared—that is to say, of larvte at the

period of the formation of the mouth—it can be observed that

the section of the body has a very different shape in the

pharyngeal from what it has in 6he posterior region of the

animal. In specimens preserved in osmic acid it can be seen

that in the pharyngeal region there are two latero-ventral

ridges, sometimes extraordinarily dilated. By carefully

following up the sections it can be seen that the cavities

contained in these ridges are extensions of the cavities of the

first myotome (somite) on each side (fig. 1). This pair of

myotomes was proved by me to have an independent origin

from the alimentary canal, and was compared to the collar

I'egion of Balanoglossus, for which reason its cavity on each

side is termed the collar cavity in this paper. The dilation

of the collar cavities and the consequent extension of the

latero-ventral ridges vary a good deal, and seem to depend

on the amount of fluid contained in them. As we follow the

sections back the collar cavities become more and more

restricted to the latero-ventral angles of the animal, and

between them and the pharynx is interposed on each side the

splanchnoccele, that is the coelomic tube formed by the

coalescence of the ventral portions of the posterior myotomes

(figs. 2 and 3). Our knowledge of the formation of the

splanchnoccele is most unsatisfactory. Kowalevsky's obser-

vations on this point do not rest on sections. In larvae of

the age under discussion, in the anterior region the splanch-
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nocoele often appears in sections as a solid wedge of cells

;

whilst in the posterior region the splanchnoccele is not

completely formed; the ventral portions of the coelomic sacs

Bjve, it is true^ nearly shut off from the dorsal portions^ but

the coalescence of the ventral divisions to form the splanch-

noccele is not complete. The youngest larvfe in my collection

caught by the tow-net are too advanced to throw further

light on the subject.

About five or six sections behind the only gill-slit formed

at this stage the collar cavities somewhat abruptly cease, and

the form of the section changes; the ventral ectoderm becomes,

so to speak, moulded on the gut (fig. 3) and the ventro-lateral

ridges disappear. The ventral part of the splanchnoccele can

just be made out as a cord of cells, intervening between gut

and ectoderm.

When later larvos are examined, in which several gill- slits

have been formed (figs. 4 and 8), the collar cavities can again

be recognised. Owing to the extraordinary inequality of

growth of the two sides of the pharynx so characteristic of

these larvse, the first gill-slit, which was originally situated in

the mid-ventral line, becomes shifted up on the right side.

In this region the ventro-lateral ridges appear as before on

each side of the gill-slit; they have here, in accordance with

the changed position of the slit, become lateral. Further

back (fig. 8), however, the hinder gill-slits are still in the

middle line, and the ventro-lateral ridges containing the

collar cavities are distinctly seen on each side.

In still later larvae (fig. 5) the ventro-lateral ridges become

still more accentuated. On the right side it can be distinctly

seen that the portion of the collar cavity contained in the

ventro-lateral projection is cut off from the rest. This portion

we may designate as metapleural coelom. A similar cavity

exists on the left side, and has doubtless a similar origin, but

owing to the disturba.nce caused by the appearance of the

mouth this could not be demonstrated. The greater part of

the ridge which Ave may now designate as atrial ridge is,

however, caused by a peculiar thickening of tiie ectoderm
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{ect.y fig. 5). This is caused,, as is shown by fig. G, by an

enlargement of some of the cells, whose protoplasm becomes

at the same time clear and glassy. These enlarged cells sink

inwards, and are covered by the adjoining unaltered ectoderm

cells. A first trace of this peculiar change can be noted even

in younger larvee, such as that shown in fig. 4.

In a later stage (fig. 7) the atrial ridges have coalesced

to floor in the atrial cavity. The metapleural coelom on each

side is represented by a solid mass of cells, and some of these

cells are already being drawn out transversely. This is an

indication of their approaching modification into the muscles

of the floor of the atrial cavity. A few fibres are ali eady dis-

tinguishable by their refractive power (t. muse). In the right

atrial ridge a cavity is seen with indications of nuclei in its

v/alls. This space I at first supposed to be identical with the

metapleural coelom of the earlier larva. Lankester and Willey

call it a lymph canal, and suppose it to be derived from the

hollowing out of the ectodermic thickening seen in an earlier

stage. This latter view I now believe to be correct. In the

series from which fig. 7 is taken, one can distinctly see the

metapleural coelom in the extreme anterior portion of the

rio-ht atrial ridge. As one follows the series backwards, the

metapleural coelom changes into a solid plug of cells, and is

pushed to the one side by a mass of watery cells lying under

the external ectoderm, in which further back the cavity

appears. From this observation I have no doubt that

Lankester and Willey are right in assigning to the meta-

pleural canals a " pseudocoelic " origin.

The question now is whether the rudimentary atrial cavity

has been formed by an invagination of the ventral ectoderm,

or whether it has been walled in by the farther downgrowth

of the atrial ridges. If figs. 5 and 7 are carefully compared

with one another, it will be seen that the latter view is the

only tenable one. These figures represent sections taken

from corresponding parts of two larvas, one with free ridges,

the other with a rudimentary atrial cavity. The lymph canal

in the older larva has been carried further downwards than
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the corresponding ectoderm ic thickening in the younger

larva by the growth of its base. Had an upgrowth or

invagination taken place, it must have pushed back the

pharyngeal wall, an event which Ave can see from the figures

has not taken place. The same conclusion will be arrived at

by a comparison with one another of figs. 9 and 10, which

represent sections through the posterior pharyngeal region

of two larvfB, one with free ridges and one with a rudi-

mentary atrial cavity. One can see that we have to do with

a process of elongation of the walls of the cavity, for parts in

fig. 10, as compared with those in 9, are stretched out.

The farther growth of the atrial cavity is described by

Lankester and Willey iu terms with which I cannot agree.

They say that the atrium encroaches on the space hitherto

occupied by the coelom, and finally nearly surrounds the

alimentary canal. I freely admit that this is a view which is

at first sight strongly suggested by an examination of sections

through the region intervening' between the end of the

pharynx and the atriopore. It seems to me, however, that

an examination of the relations existing between the atrial

cavity and the gut in the pharyngeal region necessitates a

different view. The point of origin of the atrial wall

is in all stages of development situated at the edge
of the gill-slit. In the larva the gill-slit is a mere pore

situated near the ventral line, and the atrial wall appears to

arise in this stage near the ventral line also. As the animal

assumes the adult form the gill-slit elongates enormously in

a dorso-ventral direction, and the atrial cavity grows in strict

correspondence with this enlargement. The atrial cavity

certainly enlarges, but it does not " displace the coelom," or

acquire new relations ; its expansion is only a part of the

general expansion of all the ventral structures of the animal.

A comparison with one another of the pharynx of the larva

and adult as to histological structure confirms this view.

We find that the whole of the lateral walls of the pharynx of

the larva have the same structure as the hyperpharyngeal

groove and adjacent epithelium of the pharynx of the adult.
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The rudimentary character of the ventral and lateral walls

of the pharynx of the larva accounts for the apparently

venti-al origin of the atrial wall. This wall always arises at

the spot where the flattened epithelium passes into the high

ciliated branchial epithelium.

Since the view of Lankester and Willey has been shown to

be untenable as far as the phai^yngeal region is concerned,

it is very unlikely that it is true for the posterior region of

the animal. If we examine a just metamorphosed individual

we find that near the atrial pore the atrial cavity is com-

pletely ventral to the intestine, whilst further forward the

cavity half surrounds it. If, however, we measure the dis-

tance from the mid-dorsal line of the gut to the dorsal

edge of atrial cavity in the two regions, we shall find it about

the same, so that the apparent upgrowth of the atrial cavity

is largely if not entirely accounted for by the increased size

and downward extension of the ventral part of the gut.^

Lankestei' and Willey state further that their account of

the growth of the atrial cavity ''is readily harmonised with

the existence of the post-atrioporal extension of the atrium

which gradually tapers to a fine c£ecal canal." I must say

that I hold on this subject an absolutely contrary view.

In an individual which had just completed the metamor-

phosis there is no trace of this post-atrioporal extension.

In the region of the atriopore we find in such a specimen

four ventral ridges. The two outer are themetapleural ; the

two inner, on the contrary, are the separated walls of the

atrium, here hanging vertically down. In an individual, on

the other hand, in which the genital organs are commencing

to appear, the post-atrioporal connection can be traced back

• Lankester and Willey ^Ive figures in the text of their paper illustrating

the manner in which, according to them, the upgrowth of the atrial cavity

divides the splanchnocoele into the inner or splanchnic and an outer or pleural

portion. I can find in my sections no traces whatever of this outer pleural

portion. Can Lankester and Willey refer to the genital sac ? This has of

course been shown to be formed not from the splanchnocoele at all, but from

the myotome.
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for a few sections only. It is formed not as a groove at all,

but by the meeting together of the two free atrial walls,

which in younger individuals are well defined, and continued

for some distance backwards behind the atrium. Its mode

of formation is, therefore, strictly comparable to the account

given by me of the manner in which the main portion of the

atrium is formed.

To sum np

—

(1) The atrial cavity in Amphioxus is walled in by a pair

of ridges which may be termed atrial ridges, which appear

at a very early period of development as comparatively low,

broad elevations, each of which contains a cavity, which is

an extension of that of the first myotome (collar cavity)

.

(2) The ectoderm on the external side of these ridges be-

comes thickened, the cells composing the thickening become

clear and glassy, and eventually are hollowed out to form a

"lymph canal." My former statement as to the coelomic

nature of this lymph canal is therefore incorrect. The

thickenings containing the lymph canals are called meta-

pleurae.

(3) The extensions of the collar cavities into tlie atrial

ridges become first separated off as the metapleural ccelom

on each side ; later this ccelomic space becomes converted into

a solid mass of cells, from which arise muscular fibres in the

neighbourhood of the gill openings, and almost certainly later

the subatrial muscle. This separation and solidification of

the metapleural coelom is coincident with an accentuation of

the atrial ridges.

(4) The atrial ridges unite beneath the ventral surface of

the body, and enclose the atrium.

(5) In the larva practically the whole sides and dorsal

portion of the pharynx represent merely the hyperpharyngeal

groove and the adjacent epithelium of the pharynx of the

adult, the whole of the branchial epithelium of the adult being

represented by a very narrow strip of the ventral wall of the

pharynx of the larva. The subsequent disproportionate

growth of this part of the pharynx of the larva and of the

VOL. 43, PART 2. NEW SERIES. B B
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adjacent portion of tbe atrial cavity has given the impression

that the atrial cavity grew upwards and displaced other

structures, which is not the case.

(6) Whilst Kowalevsky's main idea as to the manner in

which the atrium is formed is therefore correct, the descrip-

tions given by Lankester and Willey of the structures seen

by them are quite correct, but the consideration of additional

facts renders it impossible to accept their interpretation of

the processes of growth involved.

Before closing this account of the development of Amphi-

oxus I should like to refer to another criticism of my former

paper, and also to some papers on the same subject which

appeared subsequently to its publication. The criticism

referred to is that of Klaatsch (1). In discussing my paper

he remarks (1) that my figures do not awaken much confidence

in the state of preservation of the specimens
; (2) that my

position as regards the formation of the mesoderm is governed

by a rash and exaggerated comparison with Balanoglossus.

In reference to Klaatsch's first remark, I should like to say

that the figures do not satisfy me, and are very far from doing

justice to the preparations. I regret to say that my powers

of draughtsmanship are not first-class, and that the figures

were somewhat hurriedly executed owing to my having to

leave Cambridge for Montreal, and not being able on that

occasion to take my preparations with me. Nevertheless,

imperfect as they are, they give a far better idea of what is

actually seen in well-preserved preparations than the highly

schematic figures of many authors, who represent an epithe-

lium of clearly defined pillar-like cells with a nucleus showing

in each. It is astonishing how often a first glance at a pre-

paration will give the impression of such a structure, when
more careful examination will only reveal a row of elongated

nuclei, with here and there a cell limit seen. In particular,

in Amphioxus the whole protoplasm both of ectodei^m and

endoderm is so loaded with yolk that cell limits are excessively

difficult to make out once the blastula stage has been passed.

I was careful to base my work only on preparations which
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gave evidence of thorough preservation ; and in such of my
material as was not preserved in osmic acid the limits of the

vai-ious cavities could not be made out, since shrinkage of

ectoderm and mesoderm and the swelling of the gut cells had

obliterated them.

With regard to Klaatsch's second remark, I can only

interpret it as an insinuation that I wilfully distorted facts

in order to make the development of Amphioxus harmonise

with that of Balanoglossus. Such an insinuation I most

emphatically repudiate. It is perfectly true that I have long

regarded the structure of Balanoglossus as likely to give the

best clue to Vertebrate ancestry, and that I was convinced

that a careful examination of the early development of

Amphioxus would reveal agreement in the essential plan of

development of the two types. But the manner in which this

agreement manifested itself was a surprise to me.

I commenced by investigating Hatschek's nephridium in

the older larva, and I was astounded to find that it was in

continuity both with the alimentary canal and the cavity of

the first myotome. I then, by examining successively younger

stages, traced this connection back to the embryo, and found

there the first mj'otome on either side was in communication

with the gut cavity when no other myotome opened into the

endoderm. This was seen in all the embryos of this age

which I examined.

I then made the discovery that no other myotome, in the

strict sense of the word, is ever in open communication with

the gut, but that one always finds at the hinder end of the

animal on each side a dorso-lateral groove or evagination of

the gut wall, from which fresh myotomes (somites) were

successively cut off as the animal grew in length. I may
remark that this view of the origin of the bulk of the meso-

derm is not only in accordance with the results of the latest

work on the origin of the mesoderm in Vertebrata, but, as

Mr. Sedgwick was kind enough to inform me, it was in

accoi-dance with the results of his own unpublished observa-

tions on Amphioxus,
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As far as regards the liead cavities, I was able by sections

to confirm Hatschek's account of the matter, with tlie trifling

addition that both head cavities originate from a common
evagination of the gut.

So that, whatever view one may hold of the relationship of

Amphioxus and Balanoglossus, the fact remains that in

Amphioxus the mesoderm originates from five rudiments

—

(a) the anterior unpaired pouch of the gut; {b) two dorsal

pouches situated far forward, giving rise to the first pair of

myotomes; and (c) two dorso-lateral evaginations of the gut

wall, which become divided into somites as the animal

increases in length.

Samassa's paper (7) on the development of Amphioxus was

published after mine, but the work was carried ou simulta-

neously with mine, and in many points I regard his results

as a welcome confirmation of my own. It is curious that we

should have been both driven to use the celloidin-paraffin

method as the only possible way of dealing with such

delicate embryos. The points of difference between us which

I may notice concern (1) the segmentation, (2) the gastrula-

tion, and (3) the formation of the mesoderm.

With regard to the first point, I asserted that at the close

of segmentation no difference is observable between the sizes

of the blastomeres at the two poles of the blastula. This con-

clusion was based on sections, but as orientation is impossible

with spherical objects, it is possible that my sections were

horizontal, and I have no doubt that Samassa's views, based

on an examination of fresh material, are correct.

With regard to the gastrulation, Samassa's figures are in

many ways similar to mine, but he regards the lip of the

blastopore at which there is a well-marked separation of the

endoderm and ectoderm as dorsal, whereas I regard it as

ventral.

Now the only method of determining which lip is dorsal

and which ventral is by getting hold of a specimen in Avhich

the first trace of the dorsal flattening preparatory to the

formation of the medullary plate is visible. Such a specimen
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has been figured by me in fig. 9 of my paper, and it is clearly

seen that the " clear space " referred to by Samassa is in the

ventral lip. Since, further, I have figured a much more

complete set of intermediate stages of the gastrulation than

Samassa, I must hold to the opinion that in this point an

error has been made by that investigator.

As to the mesoderm, Samassa's observations are obviously

incomplete, no mention is made of the head cavities, and the

whole subject seems to have interested him less than the

subjects of the segmentation and gastrulation. None of his

statements, however, are irreconcilable with my position.

Legros' paper (5) is unfortunately only known to me
through the abstract of it given by Klaatsch in the ' Zoolo-

gisches Centralblatt,' but the results therein communicated

have awakened the utmost astonishment in me, and prove con-

clusively not only that Legros has never seen the earlier stages

in the development of Amphioxus, but also that he has never

had properly preserved larvse at all. I may pass over his

theoretical conclusions in silence, for any conclusions founded

on such erroneous observations are devoid of any value.

Legros states that the pre-oral pit of the larva is an ecto-

dermal ingrowth, and denies that the club-shaped gland has

an outer opening. It will be remembered that the accepted

view of the origin of the pre-oral pit referred it to the left

head cavity of the embryo. Now I must reiterate this view

in the strongest possible terms. I have seen the pre-oral pit

in the larva about the time of the formation of the mouth as

a closed vesicle, not once or twice, but twenty to thirty times,

—as often, in fact, as I examined a larva of that age. I have
further traced it back until I found it arising as a thickening

of the left side of the head cavity. As to the club-shaped

gland I am entirely of Willey's opinion that it is a gill slit.

I have seen its origin again and again as a pouch of the

pharynx, and I have also found its external opening, but to

see this it is necessai'y to have larvse preserved in osmic acid.

I have only mentioned the club-shaped gland incidentally

in my former paper, for it never occurred to me that the
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results of Willey (8), obtained six years before by an exami-

nation of abundant living material, would be questioned on

the grounds of examination of imperfectly preserved and

scanty material : had sucli a contingency occurred to me I

could have given figures of every stage in the development

of the club-shaped gland.

MONIREAL

;

December 3rd, 1899.
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EXPLANATION OF PLATE 17,

Illustrating Mr. E. W. MacBride's paper entitled "Further

Remarks on the Development of Amphioxus."

List of Abbreviations employed.

ect. Ectodermal thickening of the atrial ridge, lung. muse. Longitudinal

muscles developed from the inner wall of the collar coelom, and constituting

the first myotome. mi/. The myotomes derived from the coelomic groove.

nch. The uotochord. sp.c. The spinal cord. t. muse. The transverse

muscle-fibres in the floor of the atrial cavity.

The outlines of all the figures are drawn with a camera lucida, but in Figs.

5, 7, 9, and 10 the details of the histology of the ectoderm and endoderm are

not given.

Fig. 1.—Transverse section through the anterior portion of a larva just

before the formation of the mouth, in order to show the continuity existing

between the first myotome and the collar coelom. Magnified 1100 diameters.

(Zeiss, oc. 2 ; Leitz, immersion jL.)

Fig. 2.—Transverse section through the hinder end of the pharyngea

region of another larva of the same age as that from which Fig. 1 is taken.

The splanchnocoele (represented on the right side by a wedge of ceils) inter-

poses between the pharynx and the backward extension of the collar coelom.

Magnification as before.

Fig. 3.—Another section from the same series as that to which Fig. 2

belongs, taken a little further back. On the right side the collar coelom has

disappeared, and the outline of the section has changed in consequence.

Fig. 4.—Transverse section of the pharyngeal region of an older larva, in

which several gill-slits have been formed. The atrial ridges are not as yet

recognisable. Magnification as before.

Fig. 5.—Transverse section of the pharyngeal region of a still older larva,

to show the first appearance of the atrial ridge. The metapleural coelom has

become separated from the remainder of the collar coelom. Magnification 350

diameters. (Zeiss, oc. 2, obj. D.)

Fig. 6.—a small portion of another section from the same series as that to

which Fig. 5 belongs; taken further forward. It illustrates the peculiar

thickening of ectoderm cells on the atrial ridge.

Fig. 7.—Transverse section of the pharyngeal region of a larva in which

the atrial ridges have just met, so as to form a floor for the atrial cavity.

^Magnification 350 diameters. The metapleural coelom has become solid, and
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is giving rise to the subatrial muscle. The ectodennic thickening is hollowed

out to form a lymph-space.

Fig. 8.—Transverse section through the posterior part of the pharyngeal

region of the same larva as that from wliich Pig. 4 was taken. Magnification

1100 diameters.

Tig. 9.—Transverse section through the posterior pharyngeal region of a

larva, with numerous gill-slits, older than that figured in Eig. 5, but younger

than the larva represented in Fig. 7. The atrial ridges are well marked.

Magnification 350 diameters.

Fig. 10.—A section from the same series as that figured in Fig. 7, through

the posterior pharyngeal region of the larva. The atrial cavity is formed.

The metapleural coelom has become solid, and in each atrial ridge there is a

lymph-space.
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Quelques Observations stir les Onychophores
(Peripatus) de la Collection du Musee Britan-

nique.

Par

M. E. L.. Boiivier,

Professeur au Museum d'liistoire natuielle de Paris.

M. LE Professeur Ray Lankester ayant eu I'ainiable obli-

geance de soumettre a mon examen les Onychophores du

Musee Britannique, je crois utile de resumer brievemeut les

principaux resultats auxquels m'a conduit I'etude de cette

riche collection.

A.—Relativement aux especes americaines^ qui appartien-

nenb toutes au genre Peripatus, ces resultats sont les sui-

vants

:

1. Le P. dominicas Poll., le P. trinidadensis Sedg., et

le P. Imthurmi Scl., sont des especes fort voisines, mais

certainement bien distinctes les unes des autres.

2. Le P. juliformis Guild, differe du P. Edwardsi
Blanch., avec lequel on I'a con£ondu,par ses papilles principales

qui sont de deux sortes, par le nombre de ses pattes et, pro-

bablement aussi, par le nombre des papilles sexuelles du male

;

cette espece habite I'ile de St. Vincent, mais elle est re-

presentee a la Jamaique par une variete interessante et,

d'autre part, se rapproche beaucoup du P. dominicse.

3. Dans File de la Jamaique se trouve egalement une

espece des plus remarquables, le P. jamaicensis Gr. et Cook,

qui ressemble auP. torquatus par ses pattes fort nombreuses,

mais qui se distingue de tons les Peripatus americains par

I'ii-regularite de ses plis et par I'uniformite de ses papilles.

4. Les Peripates caraibes sont representes dans la region de

I'Amazone par une espece nouvelle de grande taille, le P,

brasiliensis, dont les plis fort reguliers sont depourvus

des bifurcations seguientaires normales.
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5. Une autre espece nouvelle, le P. Lankesteri, appar-

tient au groupe des Peripates andicoles; elle se rapproche de

beaucoup d'especes non americaines par la presence d'une

papille sur la face dorsale du pied^ mais elle offre en outre^

comme les autres especes andicoles, deux papilles pedieuses

en avant at deux en arriere.

6. La Nereis viridis d'Adams n'est rien autre chose que

le P. Brolemanni Bouv.

7. Les embryons de presque toutes les especes americaines

presentent des papilles principales de deux sortes, des

grandes et des petites, meme cliez les formes oii les papilles

principales de I'adulte sont subegales, Ce caractere rend fort

difficile la determination des jeunes ; il semble prouver que

les especes a papilles principales de deux sortes sont plus

primitives que les autres.

B.—Les especes australiennes (genre Peripatoides) ne

m'ont par offert une moisson de renseignements aussi ricbe;

pourtant j'ai pu constater que les (^ de P. Leuckarti Sang.,

var. orientalis Fl. presentent une papille sexuelle sur toutes

les pattes, depuis la seconde paire jusqu'a la quatorzieme

inclusivement.

C.—Les formes de I'Afrique australe sont plus interessantes.

Parmi leurs especes les plus instructives il y a lieu de signaler

I'Opisthopatus cinctipes Purcell, qui est represente dans

la collection par un certain nombre de jolis exemplaires. Ces

derniers proviennent de Durban, c'est a dire, d'une localite

assez eloignee de Port Elizabeth, region oii furent captures les

types primitifs de I'espece. II se distinguent de ces derniers

par leur grand orifice sexuel en croix, par les enormes vesi-

cules coxales evaginables de leurs pattes (6 a 16 inclus.), par

leurs papilles plus regulierement seriees et par leur jolie

teinte d'un gris noiratre granite. Ces exemplaires me parais-

sent appartenir a une variete nouvelle de I'espece (var. nata-

lensis) ; d'ailleurs ils ressemblent a I'espece typique par leur

developpement, car j'ai pu observer dans un meme individu,

a Texemple de M. Purcell, des embryons a divers stades.

Une autre espece non moins interessante est le Peri-



QtJELQUES OBSERVATIONS StJR LES ONYCHOPHORES. 369

patopsis Moseleyi W. M. ; cefc Onychophore^ en effet,

ressemble aux especes americaines par des variations consider-

ables dans le nombre de ses pattes ; il pent en compter de 22

a 25 paires et les dernieres, qui sont fort reduites, tantot sont

munies degriffes, tantofc en manquent completement. Malgre

ces variations^ tons les specimens que j'ai observes m'ontparu

fort semblables et je n'ai pu que les ranger dans la meme
espece. J'ajouterai que M. Purcell semble incliner vers une

opinion aualogue^depuis son dernier travail; ce savant m'ecrit,

en effet, qu'il s'efforce de recueillir des P. Moseleyi vivants

afin de savoir si leurs jeunes presentent des variations sem-

blables dans le nombre des pattes.

Le P. Moseleyi m'a paru se rapprocher etroitement du

P. Sedgwicki Purcell, espece qui presente 20 paires de

pattes toutes munies de griffes. Pensant que I'etude des

embryons me permettrait peut-etre d'identifier les deux

especes, j'ai ouvert une femelle pleine de P. Sedgwicki,

mais tous les jeunes qu'elle renfermait dans son uterus

avaient, comme elle, 20 paires de pattes. Cette observation

ne m'a done par donne les resultats que j'esperais, mais elle

m'en a fourni d'autres, de non moindre importance. J'ai

pu constater, en effet, que les embryons de P. Sedgwicki
ressemblent a ceux des Opistliopatus en ce qu'ils ne sont

pas tous au meme stade de developpement, que leurs pattes

posterieures sont plus developpees relativement que celles de

I'adulte, enfin que les plus jeunes presentent sur la tete une

vesicule troplioblastique diversement developpee. Par ce

caractere, le Peri patopsis Sedgwicki se rapproche du

Paraperipatus novae - britanniee Willey, abstraction

faite des dimensions de le vesicule, qui est plus reduite, et

qui represente vraisemblablement, dans la premiere de ces

especes, un organe embryonnaire en voie de disparition. 11

y a lieu de penser qu'on observera des caracteres analogues

dans les embryons de P. Moseleyi.

D.—J'ai pu egalement examiner les types de Paraperi-

patus novae - britannise offerts par M. Willey au Musee

Britannique. Je n'ai rien a ajouter aux savantes observations
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(le ce zoologiste, si ce n'est que les pattes de la derniere paire

sonfc reduites et qu'elles represeutent, comme les pattes pos-

terieures des Peripatopsis, des appendices en voie de dis-

parition.

Conclusions.— II me parait aujourd'liui probable que les

modificatious les plus importantes de la morpliologie des

Ouychophores soutle resultat d'atropliies semblables, plusieurs

Scliemas representant la disparition progressive des pattes posterieures et les

mociifications correspondantes de I'extremitie terniinale du corps.

A. Peripatus. B. Peripatoides. C. Peripatopsis. D. Paraperipatus.

fois repetees, qui out reduit et fixe le nombre des pattes. Dans

les Peripatus (toutes les formes americaines sauf une du

Chili; P. Tholloni Bouv., du Congo^ et P. sumatranus

Horst, de Sumatra) le nombre des paires de pattes s'etend de

23a43,et varie dans uue meme espece, I'orifice sexuel se trouve

situe entre les pattes de I'avant-derniere paire, et celles de la

derniere sont toujours plus ou moius reduites, mais pourtant
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arniees de griffes. Chez les Peripatoides (especes d'Aus-

tralie, de Tasmania, de Nouvelle Zelande, et du Chili) et chez

les Opisthopatus (certaines especes de I'Afrique australe),

les pattcs de la derniere paire sont completement atrophiees,

et I'orifice sexual reste entre les precedentes (qui sont main-

tenant les dernieres), la partie posterieure du corps se termi-

nant par un cone apode plus ou moins allonge. 11 en est encore

de meme cliaz les Peripatopsis (autres especes de I'Afrique

australe); mais les pattes posterieuras y sont fort reduites, et

plaeees h la base d'un cone anal das plus petits. On observe

d^iilleurS; dans les especes du genre, les divers stades de

Fatrophie des pattes posterieures : dans la P. Sedgwicki
Purcell, la P. leonina Purcell, le P. clavigera Purcell, et

le P. Balfouri Sedg., ces pattes sont encore assez fortes et

munies de griffes; elle sont de taille variable at le plus sou-

vent inermes dans le P. Moselej^i W. M., enfin elles se

reduisent a un court moignon et perdent toute trace d'arma-

ture terminale dans le P. capensis Gr. Dans le genre

Paraperipatus (Nouvelle-Bratagne), cette patte posterieure

disparait completement, et I'orifice sexuel se trouve en

arriere de calles qui les precedaiant et qui sont ici, h present,

les deimieras. D'ailleurs ces pattes disparaitront vraisem-

blablemeut a laur tour (car elles sont deja notablement re-

duitas), le cone anal qui porte I'orifice sexuel s'atrophiera

peu h pau, at ainsi se produira una reduction pi'ogressive

dans le nombra des appendices. Ce nombra, qui s'eleve

43 paires dans les especes americaines, descend jusqu'a IG

chez certaines formes africainas, et finit meme par s'abaisser

a 14 ou 16 chez les especes d'Australie et de Nouvelle-

Zelande ; en meme temps qu'il se reduit, ce nombre tend a

devenir de plus en plus fixe pour une meme espece; il

acquiert meme une fixite absolue dans tous les Onychophores

oil il descend au-dassous de 20.

En se fondant sur ces caracteres et sur quelques autras da

diversas valeurs, on pent grouper et distinguer comme il suit

les cinq genres qui constituent la classe :
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Orifice sexuel entre les pattes de I'avant-

derniere paire; pattes posterieures reduites,

mais normalemeut conformees. Un recep-

tacle seminal sur chaque branche de I'ovi-

ducte. Embryons a divers stades de de-

veloppement et munis d'une formation

placentaire a laquelle ils se rattachent par

un cordon. Plis de la peau generalement

reguliers. Couleur variant du brun

jaunjitre au noir.

Peripatus,

(Guild.) Pocock.

Orifice sexuel
^

entre les pattes de

la derniere paire

qui ue sont pas

reduites

;

em-

bryons a divers

stades de deve-

loppement et de-

pourvus de pla-

centa. Plis de la

peau tres irre-

guliers. Couleur

foudamentale al-

lant le plus sou-

vent du vert au

noir^ rarement

jaune ou brune.

Un receptacle se-"

raiual sur chaque

branche del'oviducte;

le developpement ^
Peripatoides,

s'effectue tout entier Pocock.

a I'interieur de I'oeuf

;

un cone anal bien

developpe.

Pas de receptacle^

seminal (Purcell) ; le

developpement se fait

librement dans I'in- j-

terieur de I'uterus

;

cone anal rudimen-

taire.

Orifice sexuel entre les pattes de la der-^

niere paire, qui sont fort reduites et parfois

inermes; cone anal rudimentaire. Pas de

receptacles seminaux. Les embryons se

developpent librement dans I'uterus ma-

ternal et y sont presque toujours au meme
stade; parfois, pourtant, ils sont a des

stades divers et munis d'une vesicule.

Couleur allant le plus souvent du vert au

noir, Plis de la peau tres irreguliers.

Opistliopatus,

Purcell.

Peripatopsis,

Pocock.
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Orifice sexuel en arriere des pattes de la"

derniere paii-e (qui sont reduites^ mais nor-

males), sur iin cone anal tres developpe.

Un receptacle seminal sur chaque branche
-, 1, . , , ,.1 s -,. , -, . Paraperipatus,
de 1 oviducte. Jiiuibryons a divers stades ^ w-n
de developpement et munis d'une grande

vesicule. Plis de la peau assez irreguliers.

Couleur fondamentale allant du vert au

noir,

Willey.

Je terminerai en disant que par leur couleur et, jusqu'a

un certain point, par le nombre de leurs pattes, les Onycho-

phores decouverts par M. Eicliard Evans, membre de la

Skeat Expedition, dans la presqu'ile malaise, semblent se

rapproclier surtout du genre Peripatus.

Pauis
;

LelT Janvier 1900.
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On the Diplochorda.

III. The Early Development and Anatomy of Phorouii

Buskii, McI.

By

Ai-tlitu- T. Mastci-iuaii, I»I.A. (Cantab.), D.Sc.(JLoiid.

and St. A.),

Lecturer on Zoology in the New Medical School, Ediubur-li.

With Plates 18—21.

LiTEEATUEE.

Dr. Dyster (6) appears to have first published observations

upon th e developmeu t of P h o r o n i s (P. h i p p o c r e p i a) . The

anatomical part of his paper is principally concerned with

the alimentary and vascular systems, and parts of this will

be referred to later on.

He watched the whole process of oviposition, the passage

of the eggs through the nephridia (the 'Hiollow ridge '^) and

their deposition in the inner space of the lophophore. To

the wall of this ridge they adhere by a glutinous exudation.

"They are voided alternately through each ridge (ne-

phridium) and form a compact white mass, separable only with

considerable difficulty on each side ol the space in the con-

cavity of the lophophore, shadowed over by the interlacing

extremities of the inner tentacles.^' He states, further, that

the larva " quits the parent nest when about forty-eight

hours old." He figures three larv^ at different stages, the

latest having one pair of tentacles. Both the figures and

description clearly show that he mistook the anal end for the

VOL. 43, PART 2.—NKW SERIES. CC
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oral, and vice versa. The eggs after deposition measured

^i^ incli in diameter.

Kowalevski (9) in 1867 published the results of his labours

upon Ph or on is at Naples. Some observations upon the

anatomy are followed by an account of the early develop-

ment. He states that fertilisation takes place in the coelom.

Total cleavage leads to the formation of a hollow sphere,

which invaginates. The mesoderm is formed by delamina-

tion from the ectoderm. The blastopore shifts from a ter-

minal to a ventral position. Further development results

in the formation of the hood over the mouth and the ten-

tacles at the posterior end. Between the latter the anus

breaks through. On becoming set free from the egg

membrane the larva is uniformly clothed with cilia. He
succeeded in definitely identifying the Phoronis larva as

being none other than Actinotrocha. Finally, he was led

to consider that Phoronis had no connection with the

Grephyrea or the Bryozoa. In fact, he doubted the cor-

rectness of placing it amongst the worms, himself inclining

rather towards the Mollusca as its true phylum.

Metschnikoff (13) in 1871 gave an account of early Ac-

tinotrocha larv£e and their structure in so far as could be

ascertained from external observation. He figures and

describes a free-swimming larva with one pair of tentacles,

and follows this up through stages with two and three pairs

of tentacles. His description of stages later than tliis do not

concern the present subject.

In 1882, however, in a paper (14) dealing generally with

gastrulation and the origin of the mesoderm in Metazoa,

he follows these processes in Phoronis from the blastula

onwards. He appears to have relied solely upon an exami-

nation of the entire embryos for his results. He shows large

mesenchyme cells present in the blastocoele cavity before

gastrulation, and smaller ones scattered during this process

in the reduced cavity, more especially in the pre-oral lobe.

In this region they are figured as arranging themselves as a

layer lining the cavity. From these observations he is led
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to conclude that the mesoderm of the adult arises from

mesenchyme cells. In this opinion he is supported by

FcEttinger (7), who finds what he considers early mesen-

chyme cells (" le premier element mesodermique") in as

early a stage as that of eight blastomeres. He followed

the segmentation processes from the earliest condition to

gastrulation. Like Metschnikoff, he relied upon optical

sections of the entire embryos, and also subjected them to a

course of treatment with acetic acid.

In 1885 appeared a short paper on the early stages of

Phoronis by Caldwell (3). This observer was the first to

apply the method of sections to the elucidation of the subject

in hand. His paper is almost entirely concerned with the

origin of the mesoblast. Briefly, he dismisses Kowalevski's

statements by supposing that he was deceived by the ecto-

derm cells being darker at the base, and those of Metschni-

koff and Foettinger by explaining their " mesenchymatous"

cells as being "amoeboid processes of the eudoderm cells

growing into the segmentation cavity," or possibly other

non-nucleated bodies which are to be found in the blastocoele.

He concludes, '• I have observed them frequently, but it is

certain that they have nothing to do with the true meso-

blast."

His papers and figures have been introduced into numerous

text-books, and are well known, so that we need merely

repeat here his summary (p. 25).

1. The blastopore gives rise to both mouth and anus.

2. The mesoderm arises in an anterior pair of entoblastic

modified diverticula, and in a posterior pair of ectoblastic

diverticula connected by a few mesodermic cells derived from

the middle of a primitive streak.

3. The nephridial openings to the exterior are parts of the

blastopore.

In 1890 Eoule (16) attacked the subject, and formed no

exception to the others in differing remarkably from his

predecessors. His material was derived from Phoronis
sabatieri.
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Eoule's paper is unaccompanied by any figures, luid is of

the nature of a resume. He has followed the segmentation

to the stage with thirty-two blastomeres, in which he states

there is no blastocoele. The spherical blastula spreads out

laterally to a discoidal shape, which then iuvaginates and

hence becomes globular. The blastopore is at one of the

poles of the gastrula, but becomes eccentric by differential

growth. He finds no raesoblast till the mouth and pre-oral

hood over it are established, thus differing from Metschni-

koff and Foettinger, and indeed from Kowalevski. From
this stage onwards he finds primary mesenchymatous cells in

the blastocoele. Later still, the " mesendoblast" in the

neighbourhood of the anus proliferates to form the initial

" mesoblastiques." The cells of these break up partly into

single cells, which join the mesenchyme already referred to,

and partly form two compact masses which Roule considers

to be the mesoblastic bands (homologous to those of the

trochophore). Roule does not state his methods of investiga-

tion, though it would be difficult to determine with any

certainty the points above described without serial sections

of the embryos.

Lastly, Schultze (16) has quite recently (1897) published a

short paper upon the development of the Ph or on is found in

the Black Sea. He found that the blastula became bilateral.

As in the case of Koule and Metschnikoff, he describes the

mouth as formed from the blastopore, the anus beiug a new
formation. He, like Metschnikoff, finds single mesoderm

cells in the blastocoele of the blastula stage. They arise

from the endoderm, and later become pressed into the pre-

oral lobe and the anal region, eventually arranging them-

selves into somatic and splanchnic layers.

He illustrates this process by figures, but does not in any

way refer to his methods. He attempts to account for

Roule's and CaldwelPs descriptions as being due to the per-

sonal element and the influence of Hertwig's coelom theory.

He also remarks that Caldwell evidently mistook the ventral

invagination which gives rise to the adult body for a pair
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of posterior coalomic sacs. This cannot possibly have been

the case, for Caldwell's embryos were cut in the tentacles of

the parent, and in all the species of Phoronis whose de-

velopment has been known up till now the larvae leave the

parent at the stage with only one pair of tentacles long

before the invagination commences. Apart from this, Cald-

well's figures, drawn by camera from the sections, scarcely

allow of such an explanation.

Lastly, he refers to my comparison of Phoronis and

Balanoglossus, and objects to it on the score of the dif-

ferent fate of the blastopore in each case.

Reference to this will be made later.

Thus the ontogeny of Phoronis is almost unique in this

respect, that with regard to it tliere is universal disagree-

ment on such an important point as the development of the

mesoderm.

In a former paper I have investigated the structure of tlie

late Actinotrocha larva, but was debarred from following

the early stages because neither Phoronis nor the early

Actinotrocha occurs in St. Andrews Bay. The later

larvfB appear to be brought by the tide currents from else-

where, probably from the Frith of Forth, in which Dr. Stret-

hill Wright first found the adult.

Although a renewed investigation of the early stages

might fuimish fresh proof of the correctness of the view

which was suggested of the natural affinities of Phoronis,

and could hardly reveal anything prohibitive of it, more

especially as the origin of the mesoblast in Tornaria is still

considered as undecided (cf. Spengel and Morgan), it

seemed justifiable to publish at once the facts already found,

such as the five ccelomic sacs, and draw the legitimate in-

ferences from them rather than keep back the whole work
for years. Such, however, does not appear to be the opinion

of some, to judge by recent criticism, so that I determined

to attempt an investigation of the early stages in Phoronis
Buskii, although the specimens kindly given me by Pro-

fessor Mcintosh were preserved in about 1870, and even
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then more with regard to preservation of the adult than of

the embryo. This author has himself made a few observa-

tions upon the larvse and their presence in the tentacles of

the parent (12).

Methods.

The animals themselves were well preserved, probably in

corrosive sublimate followed by spirit, but some little diffi-

culty was experienced in the case of the embryos, so that the

study of them has failed, to elicit all that might have been

expected, especially with regard to the origin of the meso-

derm.

The embryos were cut in series mostly with a thickness of

1"25 to 2 n, and were then deeply stained with hasmalum fol-

lowed by aqueous eosin. A very beautiful differential staining

resulted. Not only were the nuclei sharply defined, bat the

stages in development were clearly indicated, all the earlier

stages staining with eosin, and the later stages, especially

after gastrulation, becoming clearer. At the same time the

hypoblast always took a dai'ker eosin stain than the epiblast.

Such a method of staining very thin sections when applied

to suitably fixed embryos of Phoronis kowalevskii could

not fail to settle the vexed question of mesoderm formation

in this species, with regard to which every observer has up

till now disagreed with his predecessors.

Some of the sections were made with paraffin alone, and

others with the celloidin-paraffin method ; the latter were the

more satisfactory, mainly on account of the possibility of

more accurate orientation.

The Early Development of Phoronis Buskii, McI.

It appears as far as is known to be a general character of

the Phoronidea to i-etain the eggs in the lophophore until

the early stages are passed through. In the case of P.

Buskii the same arrangement holds as was noticed by Pro-
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fessor Mcintosh in his monograph upon the species. The

doubts which have been thrown upon the claims of this form

to specific distinction do not seem to be well founded, as it

has well-marked differences which cannot be explained as

variations. Apart from those which concern the compara-

tive length of the adults, the number of tentacles, and the

differences in pigmentation, it is noteworthy that the size of

the embryos in Ph or on is australis is greater than that of

P. Buskii; so much is this the case that it is easy to dis-

tinguish the embryos of each species by their relative size in

a mixture of the two.

In P. Buskii the embryos are found in enormous numbers

in the outer coil of the lophophore. They are all enclosed in

a thin egg-membrane, which is intact in the latest stage found

in the tentacles. Rupture of the egg-membrane would

appear to be synchronous with escape of the larvee from the

lophophore of the parent.

Fig. 59 is a transverse section of the lophophore and sur-

rounding parts of Phoronis Buskii, seen from above. As
is well known, the lophophore is composed of a nearly com-

plete ring of tentacles surrounding the mouth. This ring, at

first nearly circular in those species in which the young

stages are known, is drawn out laterally into an ellipse, and

then the extension on each side is rolled up dorsally (to-

wards the anus) into a spiral.

The inner (oral) surface of all the tentacles presents a

ciliated epithelium of long cells, which probably cause cur-

rents of food and water to pass downwards towards the

mouth. The outer surface of the tentacles has a non-ciliated

epithelium of cubical cells, which are much flatter than the

cells of the inner surface. In Fig. 59 the distribution of the

two layers is shown as seen in a section about halfway up

the lophophore.

Thus the inner coil of the lophophore leads down to the

mouth, whilst the outer coil eventually opens out opposite its

fellow in the median line between mouth and anus. Through

the greater extent of the lophophore the apertures of the
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outer coils upwards are freely opeu, but iu a section at the

very base of the lophophore tbey are seen to be partially-

blocked by a pair of large organs, one on eacli side (see fig. 61).

These problematical organs have had various functions as-

signed to them. Caldwell (1) claimed for them a sensory

function as indicated by the name '' ciliated pit/' and they

have been compared to certain sensory pits in some of the

Gephyrea. Mcintosh (12) also observed them in the species

under consideration, and noted that they were simple and

rudimentary in the young individual. He also noted the

presence of mucus in the central cavity of tlie organs.

Benham (2), working upon Phoronis australis, was led

to doubt their sensory function, and considered them to be

glandular in nature. He remarked that a similar glandular

modification extends as a ridge throughout the lophophore,

lying along the face of the inner series of tentacles. I have

carefully examined these organs, and ca.n confirm the obser-

vations of Benham upon their structure and extent. The
" ciliated pit " itself is really only the involuted terminal

portion of the ridge of ciliated glandular epithelium extend-

ing along the base of the outer coil. Benham has named

the whole organ, including the portion extending through-

out the length of the outer coil, the " lophophoral gland."

My observations of its structure and relationships in P.

Buskii do not differ suflSciently from his to justify further

figures.

With regard to the functions of this lophophoral gland, I

believe there is sufficient evidence to assume that it secretes

mucus, which, driven up the coil by the cilia, forms an

adherent surface for the eggs and embryos to be carried in

the same direction. Thus these glands would come under

the category of subsidiary reproductive organs, or nida-

mental glands.

The proof for this assertion is partly direct and partly

indirect.

Upon dissecting the lophophore, the mucus lying in the

gland may often be removed as a long band with a great
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number of embryos adhering to it. The embr\'os usually

present a more or less progressive series as regards develop-

ment (fig. 20). This band is also found in Ph or on is aus-

tralis.

If we are justified in assuming that the cilia on the inner

surface of the tentacles cause a food- and water-current

downwards, the water must tend to filter between the tenta-

cles into the outer coils, and down them into the median

space, where the current would be reinforced by the water

directed by the epistome out of the inner coil through the

dorsal gap in the tentacles, which I called the branchial

fissure This current of water would pour outwards between

the two spirals of thelophophore, and over the apertures of the

nephridia and the anus. I have not had any live specimens

of Phoronis, so cannot demonstrate with certainty that these

currents actually exist, but I fail to see any other way of

interpreting the structure of the lophophore. This curi-ent

would tend to bear away from the animal both the fasces

from the anus and the excretory products from the nephridia,

but in the breeding season the sexual products would in like

manner be carried away from the parent. Whilst this may
or may not be a desirable consummation in the case of the

spermatozoa, further provision would be necessary to retain

the eggs in the lophophore (see figs. 61 and 62). If we
may assume that by a contraction of the base of the lopho-

phore the openings of the nephridia could be approximated

still more to the mouth of the lophophoral gland, the eg*gs

would come in contact with the mucus immediatelj^ upon

extrusion, and adhering thereto must be carried up the outer

coil in the teeth of the down-coming water-current, in which

there would doubtless be spermatozoa from another indi-

vidual. Sheltered in the tentacles of the parent, the eggs are

in this situation not only in the best position for fertilisation,

but the continuous stream of water makes the lophophore,

like the branchi^ of Lamellibranchs, an ideal "nursery" for

the early stages (see fig. 61).

Again, the fact that the lophophoral glands develop very
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late in life indicates a probable connection with the sexual

function.

These remai'ks concernino- fertilisation are contrary to

the statements of Kowalevski that it takes place inside the

body-cavity, but this does not appear to be the case in

P. Buskii or P. australis. Like Benham, I have failed to

find any mature spermatozoa in the ccBlom. In like manner

the eggs are never segmented in the coelom, whilst the un-

segmented eggs are found in great numbers in the tentacles.

In any case all are agreed that the nephi-idia act as genital

ducts.

Thus the structure, function, development, and relationship

to surrounding parts of the lophophoral gland indicate alike

that it acts as an accessory gland in connection with repro-

duction with a nidamental function.

Arrived at the apex of the lophophoral spiral the embryos

appear to become detached from the mucus, and are then

carried round the outer coil, probably by the water-current,

which passes not only downwards, but from the apex of the

spiral to the opening of the outer coil. Thus the forward

movement of the embryos to the centre of the coil is reversed,

and they travel round the spiral till they are discharged in

the water-current to the exterior between the two spirals of

the lophophore, dorsally to the lophophoral gland (see figs.

60, 61, and 62).

A suitable section will show the spiral with every stage

of development fi^om the segmented blastula at the apex to

the advanced larvae with three pairs of tentacles in the outer

coil (cf. fig. 59).

We may regard the increase in number of tentacles and

their coiling as being adaptations connected with nutrition

and growth, and these features have been seized upon for

the protection and " nursing " of the young in an analogous

manner to similar phenomena in the Lamellibranchiata. At

the early phyletic stages of the group, when the lophophore

was a ring, it could have afforded little or no protection to the

young; the lophophoral glands were probably absent, and the
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eggs were discharged direct iuto the water. As the lophophore

commenced to coil the eggs were retained for a longer and
longer portion of the ontogeny in the shelter of the tentacles.

Phoronis australis and Phoronis Buskii form the head

of the series in this as in nearly all other features of anatomy

and physiology. Thus the eggs and young are found in the

tentacles, and as a rule still enveloped in the egg-membrane
till as late as the Actinotrocha stage with three pairs of

tentacles.

Segmentation,

The earliest unsegmented ova are found in the lophophore,

which fact militates against the view that fertilisation and

part of the segmentation is effected in the coelom of the

parent^ as was stated to be the case in the Phoronis
examined by Kowalevski (9). Cori (4) has been led to doubt

this observation, and I have certainly failed to find either in

P. Buskii or P. australis a single ovum undergoing seg-

mentation within the ccelom. The ova are perfectly round,

and surrounded by a very delicate and pellucid membrane,

which usually has a small pedicle by which it was attached

to the mucus band (see fig. 20).

The first segmentation results in the formation of two equal

blastomeres, which appear to be almost symmetrical. The

second furrow is at right angles to the first, and results in four

quadrants which now differ slightly at the two poles. Each

tapers to one end, so that the whole egg appears to be slightly

pointed and broader at the base (figs. 2 and 3). This condi-

tion is foreshadowed in the two-cell stage, but becomes well

marked here. A view of the base (fig. 4) shows the arrange-

ment in whicli two opposite blastomeres form a cross-line.

All the eggs of this and the eight-cell stage whicli I have

seen show this arrangement, though, as in the case of the frog,

there are probably variations, and the point is one to which

little importance need be attached. At the apex the two

furrows form a regular cross. A transverse section of this
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stage shows (fig. 21) that there is a well-defiued blastocoslic

cavity, slightly compressed from side to side. Ronle (15)

states that the blastoccele does not develop till much later.

The third furrow is at right angles to the first two, and is

almost exactly equatorial. The fact that the first four

blastomeres taper results in the upper four being less in bulk

than the lower (fig. 5). The base and apex of this stage

appear similar to those of the four-celled. The further stages

in segmentation are difficult to trace in the specimens to hand.

The cells of the blastula stage are very nearly if not quite

equal in size. The cells of the lower hemisphere, however,

appear to retain a slightly greater size. Fig. 22 is a median

section through an early blastula, with five upper cells and

four lower cells in the median plane. The blastula is still

pei'fectly spherical, but in further segmentation both the

blastula and the blastoccele appear elongated in a median

section (fig. 28). In this figure the lower cells are distinctly

larger and rather longer than the upper ones. The elongated

appearance is not due to an elongation in one axis of the

blastula (the horizontal axis), but to a gradual flattening of

the whole blastula in the vertical plane, so that it becomes

disc-shaped (cf. fig. 11). Fig. 24 shows an even later stage

of the blastula, in which thei'e is a great increase of cells, and

the lower cells have become slightly flattened on their outer

surface. This is the commencement of gastrulation. As

segmentation proceeds, the nuclei, which in the four-celled

stage lie at the centre of the cells, gradually move outwards

to the peripheral part, and in fig. 24 come to lie almost under

the limiting cell wall.

Gastrulation and the Fate of the Blastopore.

The external appeai'ance of the several stages here dealt

with is shown in figs. 6 to 15. The embryos not having

been observed alive, one can only follow the changes by the

examination of a selected series. The whole process of

gastrulation and closure of the blastopore appears to be
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extremely rapid if one may judge by the small proportionate

number of embryos to be found at these stages, and the very

small extent of the coils which is occupied by embryos at this

stage. The spherical blastula appears to become more or less

hemispherical by a complete invagination of the lower and

rather larger cells, so that the gastrulation is typically embolic.

Fig. 11 shows the view from below of an embryo in which

the invagination is nearly completed ; fig. 6 is a lateral view

of the same embryo. The blastopore at this stage is large and

circular, with a diameter little less than that of the whole

blastula. In the next stage which I have found (fig. 7) the

embryo has commenced to elongate slightly in an axis

perpendicular to the principal axis of the blastula, and corre-

sponding very nearly with the long axis of the late larva.

Hence in ventral view (fig. 12) the embryo appears to be oval

in outline, and the blastopore is correspondingly oval. At the

part which we may now distinguish as the posterior end, the

oval blastopore is seen to taper off into a groove which extends

as a furrow vei'y nearly to the posterior border of the embryo.

These appearances certainly lead one to the inference that

the blastopore is closing up b}^ an approximation of its lips

in the posterior region.

A reference to the lateral view of the same embryo (fig. 7)

shows that the anterior part of the embryo, mainly in front

of the blastopore, is increasing in size rapidly, and is tending

to bend over ventrally.

At the next stage (fig, 13) this increase of the anterior

region has caused the outline of the embryo as seen from

below to apparentl}^ taper at the posterior end. The blasto-

pore has now further contracted in extent, and narrows off

posteriorly in connection with the median groove, which

has increased in length. In comparing this stage with the

last we note that the anterior lip of the blastopore appears to

be further back than in the latter, which is probably due to

the growth of the anterior region and to its further ventral

flexion (cf. fig. 8). On the other hand, the appearances here

still further confirm the result arrived at above, that the
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blastopore is uudergoiug a process of closure by an approxi-

mation of the lips in the median line. The closure proceeds

from behind forwards^ and the line of closure is indicated by

the faint median groove.

At the next stage the growth, both laterally and ventrally,

of the anterior region has altered the outline of the embryo

(figs. 9 and 14). The blastopore has closed for the greater

part of its extent, and it is now rather broader from side to

side than before. The closure having almost ceased, the

blastopore, or rather its anterior end which is still open,

broadens out and soon after this becomes circular; it is defi-

nitely to be identified as the larval mouth, or more accu-

rately the opening into the "stomach." The ventral groove

can now be barely distinguished except by careful arrange-

ment of the light, and after this stage is quite indistinguish-

able.

The ventral flexure of the anterior part of the embryo is

very marked (fig. 9), and in the next stage (figs. 10 and 15)

has proceeded so far that the mouth is completely covered over

by this part, now to be identified as the "hood" or pre-oral

lobe.

The period included between these two last stages appears

to be a fairly long one, during which some important internal

differentiations are in progress.

So far as external observation can show, we may notice

that the gastrulation is embolic, the blastopore closes from

behind forwards, its anterior part persisting as the "mouth."

We may here anticipate a consideration of the work of

other observers by saying that in no embryo have I been able

to find either in external view or in section any trace of the

" posterior pit " of Caldwell (3) as a posterior persistent

portion of the blastopore.

Fig. 25 is a median vertical section through fig. 11. In

it the larger granular cells are seen to be invaginating.

Throughout the whole series of sections the histological

characters of the hypoblast are markedly different from those

of the epiblast. Apart from the differences of size aud number,
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the hypoblast cells contain far more yolk, which stains well

with eosiu, the cell walls are much fainter, and are in some

cases indistinguishable (due to method of preservation),

whilst the nuclei are slightly larger and less regularly

arranged.

In fig. 25 the blastocoele cavity is still seen, and it is usually

quite destitute of any structural contents. Occasionally I

have noticed a few fine strands of cytoplasm crossing it, or

even gathered into small masses, but in no case have I seen a

nucleus, or any body which stained with the dark blue tint of

hsemalum present in the blastocoele.

Fig. 26 shows a median sagittal section of a stage a very

little later than fig. 12. Here the invagination is completed,

and the blastopore even in its length has considerably con-

tracted. The epiblast cells are slightly longer and more

abundant at the anterior end than elsewhere. The blasto-

coele cavity is still distinguishable and empty as before. Up
to this stage there is nothing which could be construed into

a trace of mesodermic elements in any part of the embryo.

Fig. 27 is a median sagittal section of the stage represented

by fig. 13 or slightly earlier. Here we may note that the

hypoblast is in close contact with the epiblast in every direc-

tion. Whether due in any degree to a post-mortem contrac-

tion or not, the blastocoele cavity has disappeared altogether.

The blastopore has further narrowed in extent, and the

epiblast at its lips has commenced to grow inwards, following

in the wake of the invaginated hypoblast.

Figs. 29 and 30 are median sagittal sections of figs. 14 and

15 respectively. In them the further formation of the

stomodifium is shown, fig. 30 indicating that the whole
" oesophagus " of the larva is formed in this way fi-om

epiblast. The gradual ventral growth of the pre-oral hood

is also clearly shown. One feature to be noted is the entire

absence of any indication in section of the ventral groove.

In transverse sections it appears merely as a superficial

depression of the cells, and it would appear that concrescence

of the respective hypoblast and epiblast of the two lips
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takes place as rapidly as the formation of the groove itself,

so that there caunot (in this species) be found a part in

which these two layers are fused; at least, I have failed to

find a section exhibiting this condition. The ventral

groove would thus appear to be a structure merely indicating

the line of fusion of the blastoporic lips, and not correlated

with an internal line of junction between hypoblast and

epiblast. Fig. 27 shows that internal separation of the two

layers proceeds forwards with the fusion of the blastoporic

lips.

Formation of the Mesoblast.

A determination of the true formation of the mesoblast in

Phoronis was the primary object of this investigation.

Unfortunately, owing to the fact that the material was not

preserved with a view to embryological work, I am not in a

position to demonstrate every detail of the mesoblast forma-

tion in P. Buskii to the extent which I could wish, and I

was teinpted to withhold these results till the opportunity of

working out another species with properly prepared material

presented itself ; but as the lesser details may as likely as not

differ in the two species, I propose to give a brief account of

the results to which I have been led by the examination of

sections of P. Buskii.

We have already seen that up to the stage depicted in

fig. 12 and in fig. 26 in section, there is no trace of mesoblast

in any part of the embryo.

In fig. 27 the archenteron is seen to be extending* into the

anterior part of the embryo, which is at this stage rapidly

growing.

The hypoblast level with this forward extension of the

ai-chenterou bounding it laterally and anteriorly is thinner

than the rest (fig. 27, p. c), and in places has more nuclei.

At a slightly later stage, in coronal section, this anterior part

of the archenteron is seen to have still thinner walls, and to

grow backwards as a pair of lateral lioi us. Its cavity is still
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in continuity with the general cavity of the archenteron, but

is connected only by a uan-ow aperture (fig. 28). At a later

stage (fig. 31) complete separation is effected, and the pre-

oral lobe then contains a cavity separated from the archen-

teron, and lined by low flat cells which have been directly

derived from the hypoblast. The cavity forms the pre-oral

coeloni lined by its mesoblast. In fig. 30 the same cavity

is shown with its walls growing back dorsally between

epiblast and hypoblast, and in figs. 35 and 36, trans-

verse sections of the same stage, it can also be recognised

as growing down laterally. The pre-oral body-cavity (or

protocoele) would thus appear to arise directly from the

archenteron, and its mesoblastic walls from the anterior

hypoblast.

At the stage seen in fig. 28 the cells of the hypoblast at

about the middle of the embryo are seen on either side to have

a group of massed nuclei [msc), whilst here and there a cell-

wall can be seen separating them. In transverse section of

this region (fig. 33) it is seen that the masses are really

ventro-lateral in position, and that the inner surface of the

archenteric cavity is indented just opposite the massed nuclei.

These indentations or grooves correspond in position and

appearance with similar grooves described by Caldwell (3) in

Phoronis Kowalevskii. The cells of the hypoblast sur-

rounding them appear to be segmenting off their inner

ends, and cell divisions proceeding rapidly, a pair of ventro-

lateral masses of mesoblast result. The separation of these

two mesoblastic masses must be effected later than that of

the pre-oral coelom, and they do not appear at first to con-

tain a cavity. Their future development will be followed

;

they give rise to the collar cavities or the cavities of the

lophophore. In the stage of fig. 28 there is an arrange-

ment of cells at the posterior end of the archenteron much

as seen in the figure [mte.). After careful search 1 have not

been able to discover any more definite condition than this.

A little later on, in fig. 31, there can be recognised a pair of

posterior accumulations of nucleated cells, as depicted.
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There can be no question that these cells are segmented off

from tlie hypoblast in this region, and in fact could even be

regarded as being still integral parts of the hypoblast. I

cannot say for certain whether these two masses of cells have

archenteric grooves opposite them or not. It is possible

that this may be the case, and even that they are formed by

two archenteric diverticula which have been disguised by

shrinkage and imperfect preservation. The development o£

these posterior mesoblastic masses is later than that of the

collar, for in fig, 32, a section a little ventral to fig. 31, the

collar cavities have expanded to form a median ventral

cavity. The posterior masses still lie in a dorso-lateral

position above the gut, and very little further developed in

the latest stages ; there can be little question that they give

rise to the coelom of the trunk, as found in late Actino-

trocha.

Fio-s. 34—39 are a selected series of transverse sections

through the stage depicted in fig. 15. Figs. 34 and 35 show

the pre-oral coelom {pc.) containing its cavity, and giving

off its two lateral horns. These horns proceed backwards

on either side of the mouth, and their terminal portions are

cut across in fig. 37 level with the mouth. Further back, in

fig. 38, the collar mesoblast has fused ventrally, and formed

a spacious collar cavity {msc.) extending up laterally towards

the dorsal surface.

In fig. 39 the posterior tip of the collar coelom is cut ven-

trally, and the paired masses of trunk coelom (mtc.) are seen

lying dorso-laterally to the gut. They contain no cavity,

and are small.

Later Development.

Returning to fig. 15, we find that further external differ-

entiation results in (fig. 16) the bifurcation of the posterior

end to form the rudiments of the two first tentacles and a

further growth of the pre-oral hood. Round the edge of this
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hood a slight ridge may be traced, and on either side this

ridge passes downwards till it is lost on the surface of the

tentacles. It does not appear to be ciliated, though this may

be due to the inadequate preservation. Lastly, there appears

at the hind end posterior to the two tentacles a single

median protuberance. This is the anal papilla, and its pre-

sence gives the embryo the appearance of bearing at this

stage three tentacles.

Figs. 40 to 45 are selected from a series of transverse

sections through this stage. In fig. 40 may be seen the

large stomod^iim which is forming the oesophagus, and is

spreading out laterally to form the atrial grooves. Sur-

rounding the oesophagus and part of the stomach is the

spacious pre-oral coelom. The stomach still consists of long

granular cells with more or less irregular nuclei. In fig. 41

the atrial grooves are still wider, a mere tip of the pre-oral

coelom is cut in the hood, and there is no mesoblast present

in the body.

Lower down, however (fig. 42), the two collar elements

{msc.) appear in a ventro-lateral position, and these may be

traced through figs. 43, 44, and 45 as gradually expanding out,

and containing a collar cavity within them. The epiblast in

figs. 44 and 45 can be seen to grow out into the two tentacular

rudiments with great numbers of elongated cells. In fig. 45

the collar mesoblast can be seen to grow out into these

rudiments.

In figs. 44 and 45 the trunk mesoblast [mtc.) can be recog-

nised as lying dorsally to the stomach and more or less united

into one mass. The anus does not appear to open at this

stage, nor do any of the coelomic cavities open to the exte-

rior.

Figs. 17, 18, and 19 illustrate the exterual appearance of

two later stages. In fig. 17 the first pair of tentacles has

increased in size, and the rudiments of the second have

grown out on either side posterior to the first.

The ridge round the hood can still be noticed, and it now

passes down to the second tentacle on each side, The annl
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papilla has increased in size. The ridge now passes to the

latest developed pair, and has a prominent bay at the spot at

each corner of the hood where the atrial grooves emerge.

The tentacles may be regarded as arising on this ridge one

by one. If the ridge prove in future investigations to be

ciliated, the early Actiuotrocha at this stage would have a

single post-oral ciliated band comparable to that of Bipin-

naria, which in later life breaks up like that of this Echino-

derm into a pre oral and a post-oral band.

Under any circumstances the pre-oral band edging the

pre-oral hood, and the post-oral band following the course of

the tentacles, are connected at these early stages by a thick-

ened ridge which probably indicates a phyletic unit3^ The

common origin of these two bands from one " architroch

"

has been suggested by Lankester (9a).

In fig. 18 the tentacles spread out in such a way as to

hide the anal process altogether, but it may still be recog-

nised by reversing the larva.

Fig. 19 shows a front view of the same stage ; the large

bell-shaped pre-oral lobe is conspicuous, and it extends out

laterally beyond the body. This is the latest stage found in

the tentacles of the parent, and it is probable that rupture of

the egg-membrane is effected after its attainment, the larva

then leaving the lophophore of the parent.

The internal structure of the stage with two pairs of ten-

tacles is intermediate in character between that with one

pair which has been described, and that with three pairs

(figs. 18 and 19). The internal structure of this latter stage

is indicated by the sections shown in figs. 46, 47, 48, and 49,

and by the restoration in fig. 50.

There is little change in the epiblast, except that the central

nerve- ganglion {ng.) can be discerned in figs. 46 and 49 as

a thickening of the epiblastic cells over the oesophagus. The

stomodseum (oesophagus) is now very long and curved round

into the stomach, which is still simple, and does not appear

to have yet given rise to the pleurochords. The hind end of

the alimentary canal is constricted off to form the intestine



ON THE DIPLOCHORDA. 395

(fio-. 47), and in most the anus opens to the exterior, though

the aperture is very minute. The intestine seems to be

hypoblastic in origin.

In the mesoblast there are considerable changes. The

niesobhist cells have now formed the thin "lining-mem-

brane '^ type of endothelium,—in fact, typical coelomic endo-

thelium, not to be distinguished from the coelomic endothe-

lium of the free Actinotrocha with six pairs of tentacles.

The several portions of the coelom have come together and

formed typical mesenteries.

The pre-oi-al ccbIoui or protocoele does not otherwise differ

in extent from the stage with one pair of tentacles, except

that the two horns have reached back to meet the mesocoeles

or collar cavities on either side of the oesophagus, which also

grow forward from their former position to effect the junc-

tion. At the point of junction are formed a right and left

mesentery (fig. 49), but in the middle line dorsally the pro-

tocoele and mesocoele do not meet, but leave a hsemoccBle

space just under the nerve-ganglion (figs. 49 and 46, sns.).

This is the subneural sinus, differing only in size from that

of the later Actinotrocha. Other ha)mococle spaces can be

observed, such as that below the oesophagus in fig. 49, but

the extent of these vascular spaces is difficult to trace, and

probably varies to a considerable extent. The mesocoe]es(7nsc.)

have extended dorso-laterally round the stomach, to meet

dorsally just on the fore-part of this organ (fig. 47), whilst

they expand widely in a lateral direction, and dorsally at

their posterior part, giving off branches to each tentacle on

either side. In fig. 48, a transverse section at the level of

the post-oral ring of tentacles, the two mesocoeles may be

seen pushing dorsally, their walls forming a pair of con-

spicuous mesenteries with the walls of the metacoeles {mtc).

On either side of the anus and slightly ventral to it the meso-

coeles open to the exterior by a small pore (fig. 47), which is

evidently the mesocoelic pore or collar pore. There can be

little doubt that this is later metamorphosed into the collar

nephridium of the later Actinotrocha, probably by the
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invagination of an epiblastic portion carrying the actual

mesoblastic pores into the interior of the mesoccele.

The metacoeles appear to have fused, and to lie as a shallow

(from side to side) coelomic sac dorsal to the stomach and

intestine. They are surrounded in front and on either side

by the mesocoeles, and their walls form with them a con-

spicuous pair of dorso-lateral mesenteries (fig. 48), and a

median transverse mesentery (fig. 47).

Fig. 50 is a semi-diagrammatic representation of a half-

larva at this stage, cut in the median sagittal plane. It

serves especially to illustrate the position and inter-relation-

ships of the ccelomic cavities at this stage.

It is clear that very few changes are necessary in order to

change this larva into the free Actinotrocha with five pairs

of tentacles, the structure of which has been described in a

previous paper. In the epiblast the pre-oral sense-organ

and the subneural gland have yet to appear, and possibly a

proctodceum, whereas a pair of protocoelic pores do not seem

to have been yet formed. In the hypoblast the pleurochords

and the partial separation into pharynx and stomach are still

required. The later growth is largely a protuberance of the

anal papilla and the surrounding parts, and with it an

increase in size and extent of the metacoeles until they would

meet ventrally to form a ventral mesentery, whilst the peri-

anal band would form later.

Metschnikoff (13) found pelagic Actinotrocha larvas

with no more than one pair of tentacles, and traced them up

to the later stages, so that the presence of a proctodeeura and

the fuller development of the collar nephridia are among the

few points still requiring elucidation. Metschnikoff's larvae

belong to one of the smaller species at Naples, and it is

important to note that they leave the tentacles of the parent

at a much earlier stage than is the case in Phoronis

Buskii or P. australis.
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Comparison with the Work of otliers.

In comparing these facts with the previous work of others,

one can divide them into two series. The first of these

consists of facts which have been observed by external exami-

nation and connected with the external differentiation of the

embryos, including the phenomena of segmentation, gastru-

lation, and the fate of the blastopore ; the second are the

changes undergone by the tissues within the embryo,

especially connected with the phenomena of gastrulation and

the formation and subsequent fate of the mesoblast. With
regard to the first series all observers agree very closely.

Segmentation has in all cases been recognised as being nearly

equal, and gastrulation embolic. The blastopore appears to

survive (in part at least) as the mouth in all the species, but

all do not recognise the fusion of the blastoporic lips pos-

teriorly. Metschnikoff (14) followed and figured the fate of

the blastopore in detail, and he notes that it is at first round,

then becomes reduced in size, and then presents a pointed

oval outline. He also describes a median longitudinal furrow

running backwards from the reduced blastopore to the

posterior end of the embryo. Caldwell (3) followed with

another account, which describes a similar ventral furrow (his

so-called primitive streak), but in addition he finds a posterior

pit, which he regards as the posterior part of the blastopore.

Metschnikoffs account would be quite as true for Phoronis
Buskii as for his own species. Schultze (16), working upon

a species in the Black Sea, finds no trace of this ventral

furrow.

The difference may all be probably accounted for as due

either to defective observation or to specific variability.

Coming to the second series of phenomena a very different

condition prevails. All previous observers with the excep-

tion of Caldwell appear to have relied upon the observations

of entire embryos in optical section, and this method, when
applied for the elucidation of important internal changes, can
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be regarded as neither reliable nor conclusive. Of these

Kowalevski (9) held that the mesoblast arose by delamination

from the hypoblast^ and, so far as it goes, this agrees with the

present results.

Metschnikoff (14) described and figured mesenchyme cells

present in the blastocoele cavity at an early stage before

gastrulation, and Foettinger (7) went even further, and claimed

to recognise the mesoblast cells at an even earlier stage.

Caldwell (3), in applying the method of sections to the ques-

tion, failed to corroborate these observations, and attempted

to explain Metschnikoff's figures on other grounds. He
failed to find any trace of mesoblast till well on in the process

of gastrulatiou. Roule (15), who followed him, also failed to

detect any mesenchyme cells until the pre-oral lobe and the

mouth were established. As stated above, there are no

figures, and Roule gives no account of his methods. Addi-

tional interest in the question has been roused by a recent

communication of Schultze (16), in which he reasserts the

origin of the mesoblast from mesenchyme cells. At the

present stage of the paper it will be sufficient to note that

he claims to find a mass of mesenchyme cells scattered

throughout the blastocoele cavity at a very early stage before

gastrulatiou. Again we are led to inquire, what were the

methods pursued ? Schultze gives three woodcut figures

which may or may not have been drawn from sections, and

this is all.

Such being the case, special care was taken in this instance

to find out whether there are or are not mesenchyme cells

present in the early stage. The sections were stained very

deeply with eosin and hasmalum, and the nuclei were depicted

with remarkable clearness. In the great number of embryos

I have examined I have failed to find a single nucleus in the

blastocoele cavity till after gastrulatiou. The most one ever

finds are a few cytoplasmic strands and fragments, which are

stained with eosin alone, and show no trace of nuclei. In all

the stages up to the spherical blastula all the nuclei which

are present are arranged symmetrically in the ectoderm cells
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as in the figures. The blastula is simply a single-layered

sphere with each nucleus in its place, enclosing a spacious

blastocoele space. In this respect Phoronis Buskii ap-

pears to resemble the species examined by Caldwell (P.

Kowalevskii).^

The results of Kowalevski (9) and Roule (15) are in accord-

ance with what an exact observer would see of the develop-

ment of mesoblast in Phoronis Buskii by an examina-

tion of transparent embryos. Roule probably observed the

anterior mesoblast cells after their origin from hypoblast,

and the posterior masses (metacceles) which he called meso-

blastic bands.

In the case of Foettinger (7) his figures and remarks upon

them would lead us to suppose that the bodies he describes

are neither cells nor nuclei, and do not give rise to the meso-

blast; whilst the entire absence of mesenchyme at early stages

in sections as shown by Caldwell, and confirmed by myself

above, cast grave doubt upon the results of Metschnikoff and

Schultze. It seems more natural to make an appeal to the

evidence of sections in a case of this kind.

With regard, however, to the actual development of the

mesoblast from the hypoblast there are considerable discre-

pancies between Caldwell and myself. He describes and

figures a pair of "modified archenteric diverticula," which
are evidently identical with the rudiments of the

collar coelom as described above. From them he derived

the pre-oral coelom. In this I am inclined to think he was

misled by the growth backwards of the two horns of the

pre-oral ccelom, which he figured in precisely the same posi-

tion as above in fig. 37. The lateral masses of mesoblast,

instead of growing forwards as he stated to form the pre-oral

ccelom, grow backwards and ventralwards to give rise to the

collar or tentacular coelom.

* I am indebted to Mr. A. E. Shipley, of Christ's College, Cambridge, for

kindly sending me some original drawings of the earliest stages of P.

Kowalevskii, which appear to resemble closely the similar stages as given

in this paper.—A. T. M.
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The rest of the coelom he derived mainly from a pair of

posterior pouches which arose in connection with the

"posterior pit"—a remnant of the posterior part of the

blastopore. Schultze emphatically denies the existence of

these posterior pouches, and in this, as far as P. Buskii

goes, I can corroborate him. Many weeks' search amongst

hundreds of embryos whole and in section has failed to bring

to light a single structure bearing the slightest i-esemblance

to either the posterior pit or the posterior coelomic pouches.

Schultze (16) suggests that Caldwell was misled by the

ventral invagination which gives rise to the adult trunk, but

this cannot be the case, as this organ does not appear till

long after the larvae have left the parent.

Caldwell (3) figures these appearances not only in P.

Kowalevskii but in P. australis as well, and although I

have failed, to find them in the latter I merely state the fact,

and defer further consideration till I am able to examine the

other species with fresh material.

Comparison with Development of Balanoglossus.

In the first of this series of papers on the Diplochorda

the structure of the late stage of Actinotrocha was com-

pared in some detail with that of Balanoglossus. The

facts above recorded of the early development serve to

emphasise this comparison. There are at present known

at least two types of development in the Enteropneusta, the

direct development of Balanoglossus Kowalevskii (?)

known to us through the work of Bateson (la), and the so-

called indirect development with Torn aria larva. The

early stages of this indirect development do not appear to

be known, though one would expect to find the development

of Phoronis with its free-swimming larva Actinotrocha

conform more closely to this type. However, taking Bate-

son's type for comparison we find that the stages of seg-

mentation are identical. In both cases there is total seg-

mentation with very slightly pronounced inequality in the
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blastomereSj or, in other words, subequal segmentation.

Gastrulation is in each case total, and Bateson's fig, 5

would serve equally well for a stage of Phoronis, The
subsequent behaviour and fate of the blastopore is markedly

different. In Balanoglossus it closes up gradually and

completely, the hypoblast becoming completely separated

from the epiblast. Subsequently the anus opens at about

the same spot, as far as can be judged, as that at which the

blastopore closed, and the mouth appears ventrally as a new
structure. In the case of Tornaria the young stages do

not appear to have been followed prior to Goette's larva. In

Phoronis it is certain that the mouth is a persistent an-

terior portion of the blastopore, and it is pretty clear that

the anus opens subsequently at the posterior closed portion

of the blastopore.

Schultze (16) emphasises the different fate of the blasto-

pore in criticising my comparison of Balanoglossus and
Phoronis. Those who accept the view that the blastopore

becomes phyletically both the mouth and anus of the

Ccelomata will not regard the fact that it persists in a

special ontogeny as mouth or anus, or both, or neither, as

having any bearing upon the question ; but for those who
hold other views one may recall the behaviour of the blasto-

pore in other groups. In the Echinodermata the blasto-

pore usually becomes the anus, but does not survive as mouth
or anus in Ante don, nor in Asterina. Again, within the

group of Gastropod Mollusca the blastopore becomes the

mouth in Patella (Patten), Chiton (Kowalevskij, and

Nassa (Bobretsky), whilst it survives as the anus in Palu-

dina (Lankester) and numerous others.

In the face of such examples as this we can hardly attach

phyletic relationship or otherwise to a comparison of the

behaviour of the blastopore. In Chiton the blastopore

would appear to migrate from a terminal position, where the

anus opens later, to the position where it survives as the

mouth. In this, as in Balanoglossus Kowalevskii, it is

possible to follow this migration owing to the fact that there
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is present in each case a ring of cilia. Such a migration

would be very hard to follow, except by direct observation

of a developing embryo, in such a type as Phoronis. The

larva of Balanoglossus Kowalevskii differs from Tor-

naria in developing the perianal band very early alone,

whereas the latter develops this band after the post-oral

band. In this respect Actinotrocha resembles the free-

swimming Tornaria, as the perianal band has not ap-

peared in P. Buskii even in the larva with three pairs of

tentacles.

I hope to show later elsewhere that in Tornaria and

other larvae, such as those of Echinoderms, the ciliated bands

can be classified by their primary functions into trophic and

motor. Of these the post-oral band of the Echinoderms,

Tornaria, and Actinotrocha is trophic, whereas the peri-

anal band of Tornaria, Actinotrocha, and the circular

bands of Auricularia and Antedon are motor. Thus in

Tornaria and Actinotrocha, with free larval life at a

very early stage, the trophic bands are essential, whilst the

perianal motor band is added in due course. In the de-

mersal type of Balanoglossus Kowalevskii the mouth

and anus are closed till late ; no pelagic food is required, and

the post-oral band does not appear, whereas the perianal band

is developed early for the locomotion of the larva. The same

considerations apply to Antedon and pupal Auricularia.

After closure of the blastopore the next essential com-

parison is in the development of the mesoblast. In Pho-

ronis, as we have already seen, there has been a great

difference of opinion upon this point. The following facts

appear to be indicated.

1. The mesoblast arises from five separate parts of the

archenteric hypoblast, of which one is pre-oral and unpaired,

and the other four are paired and post-oral.

2. The pre-oral mesoblast is in the form of a portion of

the archenteron which is pinched off from it, the cavity

being part of the archenteric cavity shut off in course of

development.
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3. The first pair of post-oral elements (collar-somites) are

formed of masses of cells segmented from the distal ends of

the hypoblast cells vvhicli lie opposite to slight depressions

in the archenteric walls. These cells at first have no cavity.

4. The second pair of post-oral elements (trunk-somites)

arise at the anal extremity in a similar way to the former, but

they may consist of invaginations of hypoblast in which there

are two walls in close contact. Under any circumstances

these mesoblastic elements come to lie between hypoblast and

epiblast as paired masses with no cavity.

As regards 1, there is an identity in type with Balano-
glossus.

2. The development of the pre-oral ccelom in Torn aria

does not appear to have been followed except in the case of

Goette's larva, in which it is indicated as in course of inva-

gination from the gut. Morgan (14a), however, has thrown

doubt upon this interpretation. In any case the pre-oral

coelom arises much earlier in Tornaria than the rest of the

mesoblast, and this agrees exactly with Ph or on is, as has

been shown above.

In the case of the demersal larva of Bateson (la) the data

are definite, and the pre-oral ccelom appears to arise in a

manner precisely similar to that of Phoronis. In both

cases it commences to be separated from the archenteron at

the time when the proboscis on the one hand, and the pre-

oral hood on the other, are commencing to be differentiated

externally. In both cases this coelomic pouch, after separa-

tion from the archenteron, grows backwards laterally and

dorsally, forming a pair of lateral horns. '^ The pouch of

mesoblast grows backwards, surrounding the gut except on

the ventral surface, but especially forming the hollow horns

lying in a horizontal position, one on each side of the gut"

(Bateson, loc. cit., p. 220).

The only difference appears to lie in the earlier separation

of the ccelomic pouch from the archenteron in Phoronis,

and in this feature it resembles Tornaria.

3. The development of the collar-somites (mesocoeles) in
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Tornaria has been carefully followed by Morgan (14a).

He finds that there is " a process of proliferation of the walls

of the stomach, so that the wall at this point, by division

of its cells, becomes two-layered." The mesoblastic mass,

thus derived, has at first no cavity. The whole process

is precisely similar to that of Ph or on is, as described

above.

In the demersal larva Bateson states that the collar meso-

blast arises by a modified form of archenteric diverticula.

" This pair of cavities is bounded on the inner sides by the

cells forming the wall of the gut, and the external boundary

is made up of a single layer of cells continuous dorsally

and ventrally with the hypoblast." As a matter of fact,

Bateson's reasons for regarding them as archenteric diver-

ticula appear to be two. Firstly, there is a connection of

their cavity with that of the archenteron which occurs in

" very few larvee ;" secondly, he notes that " the middle

mesoblastic tracts in Tornaria are said to be archenteric

diverticula." Under any circumstances the inner walls

would appear to arise from the hypoblast in a similar

manner to the mesocoele in Tornaria, according to Morgan

(14a), and the mode of formation is really a type inter-

mediate between the formation of archenteric diverticula

and delamination. Bateson points out that these meso-

blastic pouches extend principally posterior to their point of

origin, which is also the case in Phorouis.

4. The third pair or trunk somites arise in Tornaria
(Morgan) as a pair of hypoblastic outgrowths, two-walled

from the first, but containing no cavity till after separation

from the hypoblast. In the demersal larva they arise as a

pair of archenteric diverticula. In Phoronis I am unable

to state with certainty that they arise either as hypoblastic

outgrowths actually involving the wall of the archenteron, or

whether they are formed by active division from the distal

ends of archenteric cells, but very probably by one of these

two methods. In this respect Phoronis resembles Tor-

naria rather than the demersal type. Bateson (la) states
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that the wall separating the trunk somites from the archen-

teron is last closed on the dorsal side, and in Ph oron is the

trunk somites are dorso-lateral in origin, whilst his section

(fig. 83) shows the collar somites to be ventro-lateral, in this

respect also resembling the homologous structures in Pho-
ronis.

It will thus be seen that the formation and relationships of

the several parts of the mesoblastin Phoronis resemble even

in minute particulars that of Balanoglossus, the resem-

blance in mode of origin being rather closer to Torn aria

than to the demersal type, though in many respects the latter

differs more from Tornaria than from Phoronis.

My comparison of Actinotrocha with Balanoglossus
and Cep ha discus receives very little modification with

further work upon the subject. Professor L. Roule (15a)

has published one or more papers in which he states that he

is unable to find in the Actinotrocha of Phoronis
sabatieri certain structures which I have described in the

Actinotrocha at St. Andrews; perhaps further research

may clear up this difficulty. He corroborates the descrip-

tion given of the chordoid structures in Actinotrocha, but

is inclined to regard this larva as closely allied to the tro-

chophore of the Annelida. My views of the relationship

of the trochophore to Actinotrocha are sufficiently clearly

indicated in a recent paper (10a), but it may be noted here

that Roule makes no reference to the live coelomic cavities

which I have figured and described in Actinotrocha,
though the mesenteries separating them can be seen with a

hand lens in the living or mounted larva !
^ His paper has no

figures, and his methods are not described. Roule's account

of the early development of the mesoblast in Phoronis so

differs from mine and from that of others that it is not sur-

prising that there should be a like discrepancy in description

of the later stages.

' As already noted (' Quart. Journ. Mier. Sol.,' August, 1897), they were

correctly figured by R. Wagener as early as 1847, but were supposed by liim

to be nerves.—A. T. M.
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Structure of Lophophore and Coloration.

The anatomy of Plioronis Buskii and that of Pho-
ronis austral is, a closely allied species, have been

described by more than one worker, and it is here proposed

merely to add a few fresh observations to the facts already

known.

Coloration.

Preservation in alcohol does not appear to affect to any

extent the black pigment of Phoronis australis. The

arrangement of this is somewhat peculiar. The lophophore

or crown of tentacles is banded. Figs. 51 and 52 are dorsal

views of the entire animal (natural size). The tentacles

appear to be black throughout the greater part of their

length, except for a light unpigmented area extending hori-

zontally across each coil at about three fifths of the distance

towards the base. Another narrower band is found at the

base of the lophophore, under which lies the nerve-cord.

Pig. 54 is a ventral view of another specimen, in which the

white band on the tentacles is seen to extend down to the

base of the lophophore, thus meeting the lower band.

There is, however, considerable variation in the colora-

tion, though these three illustrate the general rule. Fig. 54

shows an abnormal specimen, in which the whole lophophore

is inky black, with no bands.

The trunk is pigmented for a very variable extent of its

length, as is seen by figs. 51—54, in which a dotted line

indicates the transition from the pigmented to the unpig-

mented ai'eas. It is possible that the unpigmented portion

is that part which during life was embedded in the skeletal

tube of Cerianthus, which also appears to be dark in

colour. All the pigment is deposited as minute black

granules in the cells of the ectoderm, but whilst the pigment

in the trunk is uniformly distributed in the cells, that in

the lophophore is confined to the ectoderm of the cubical

type, which is found only on one side of the tentacles.
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Ectoderm.

The ectoderm covering the trunk is corrugated (fig. 55)

into circular ridges, which have been supposed to be due to

contraction caused by spirit. An inspection of the figure

would lead one to doubt this, as the reduplications appear to

be very regular, and the thin cuticle runs from tip to tip of the

corrugations instead of following the course of the corruga-

tions. The cells are elongated and have elongated nuclei.

On the left hand the presence of black pigment spots is

indicated. At the base of the ectoderm cells is seen the fine

plexus of nerve-fibres which is very characteristic of Plio-

ronis as of Balanoglossus. Below this again is the

chondroid tissue.

At the junction of collar and trunk the nerve-plexus be-

comes hypertrophied into a massive post-oral ring of nerve-

cells and nerve-fibres (fig. 56). The inner ends of the

ectoderm cells can be traced in some cases into nerve-cells,

and in others into nerve-fibres. The nerve-cells rather tend

to accumulate close under the chondroid tissue, but every

transition stage can be selected from the densely crowded

long ectoderm cells to the nerve-cell removed from the

surface. Fig. 57 shows some of the transition stages ; they

indicate how intimately the nervous system still is bound up

with the ectoderm in this group.

The ectoderm of the collar or lophophore is of two types,

which I have elsewhere described as branchial and atrial

epithelium respectively.

From other work upon the alimentary processes of Echi no-

derm and other larvae I have been led to more generalised

names for these types of ectodermal epithelium. A great

number of facts seem to point to the supposition that the

method of food ingestion, by the activity of ciliated areas

causing currents of water, which in their turn carry micro-

scopic food particles, is the primitive method for the early

Metazoa from the gastrula stage onwards. This method of

food ingestion may be termed cilio-trophic, and is found

VOL. 43, PAUT 2. NEW SERIES. l!) E
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very generally in the lower types of Metazoa, especially

sedentary types in whicli the cilia, no longer motor, are

entirely trophic in function. The first important differen-

tiation in cilio-trophic alimentation is the separation and

retention of food particles and the removal of the water-

current. The active areas which are trophic have a charac-

teristic form of epithelium which may be termed tropho-

phoral; and the areas along which the return water-current

is removed have another type of epithelium which may be

termed hydrophoral. Trophophoral epithelium is made up

of densely crowded elongated cells, covered with active cilia,

and very commonly having glandular cells added to them.

Hydrophoral epithelium has flat or cubical cells, usually non-

ciliated or with few cilia, and often pigmented or even

actively excretory.

For the separation of the food particles from the water-

current at least two important general methods are resorted

to. The first is the principle of filtration, in which water is

allowed to pass through certain apertures and food retained,

or vice versa; and the second is by an entanglement of

the food particles in mucus strands which allow the water-

currents to pass in other directions, whilst they themselves

are conveyed into the alimentary canal.

The first system is probably the most primitive, and in

almost every case the second is superadded to it. I have

attempted elsewhere (10b) to show that a great number of

the characteristic orgaus of the Chordata, including noto-

chord, hypochorda, pharyngeal clefts, thyroid gland, and

hypophysis, may be traced to an origin which they subserved

in either one or other of these methods of food ingestion,

and the matter will be further dealt with later.

In Phoronis both methods are exemplified very perfectly.

In the case of water-filtration it is evident that the greater

the surface of contact which is effected between the tropho-

phoral areas and the hydrophoral areas, the greater will be

the efficiency of the filtration attained. The simplest rela-

tionships obtain in the larvas of Echinoderms in which the
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whole body- surface is divided into ti'opliophoral and hydro-

phoral areas, and the pinnsB or "arms" and processes may

be all, as I hope to show later, accounted for as contributing

to the efficiency of filtration. In Actinotrocha the line of

contact between the two areas is at first multiplied by a

simple row of tentacles, throughout the length of which the

line of contact passes (cf. figs. 59— 62).

After fixation the young Phoronis is provided in like

manner with a simple row of tentacles round the oral aper-

ture, and the subsequent history of the Phoronidea may be

traced as a successful attempt to increase the efficiency of

filtration by a gradual multiplication of the number of ten-

tacles.

The known species may be placed in order from Cori's (4)

table :
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cliiata, the tentacles of numerous sedentary Annelida and

Brachiopoda, CephaIodise us, and even tlie branchial

filaments of Tunicata and Amphioxus. These resem-

blances depend upon a similar method of food ingestion, the

cilio-trophic, in each of the groups, and it seems fairly clear

that in each case the branchial function has been only secon-

darily added. In Phoronis not only does this filtration

method hold, but the trophophoral epithelium has glandular

cells distributed in it. As the result of the activity of these

cells fine strands of mucus pass down the oral side of the

tentacles and serve to entangle minute algoid bodies. In

fig. 8 these strands with their contents may be seen passing

along the oral side of the epistome into the oesophagus.

Lastly, the epistome itself is so arranged in relation to the

rest of the lophophore that it acts as an organ to remove the

water from the oral aperture.

Figs. 60, 61, and 62 are intended to illustrate this point.

The coils of each half of the lophophore are arranged spirally,

and the tentacles are widely separated from each other for

about their distal two thirds and united together laterally

for the proximal one third. A transverse section of the

lophophore may illustrate the arrangement at different

heights.

Thus in fig. 59 the outermost half-coil shows the tentacles

cut in transverse section, each having the trophophoral

epithelium on its oral surface and filtration spaces between

contiguous tentacles. For the rest of the course of the coil

the deeper parts are cut in which the tentacles are fused to-

gether laterally, so that the tentacular filtration method no

longer acts at this depth. But not very far up, at the

beginning of the second coil in the figure, the epistome may
be seen in transverse section projecting across the fl.oor

of the oral aperture for a little over a coil in length.

After this the section is too deep to cut the epistome

completely with its ectodermal epithelium, but its coelomic

cavity can be seen in transverse section up to the very tip

of the spiral. Benham (1) criticises Allman^s description
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of the epistome^ and remarks that Allman's figure " conveys

quite a wrong idea of the organ." The same remark

would be equally applicable to his own. He described

the epistome as extending "right across the oral side of

the animal from right to left/^ and figures it in the same

way (fig. 7). As a matter of fact it is continued as a con-

spicuous ridge on either side to the very tip of the spiral,

continuous throughout the three coils of the lophophore. If

the tentacles be regarded as forming the incomplete lateral

walls of a spirally coiled chamber, then the epistome forms

the floor of this chamber except for a fissure between it and

the outer row of tentacles through which the mucus strands

pass down into the oesophagus (fig. 58). This floor descending

from the apex to the base of the spiral must necessarily serve

to prevent access of the greater portion of the water-current

into the oesophagus, and to cause it to flow out in the median

line through the gap in the inner row of tentacles where it

would join the current along the hydrophoral area of the

outer surface of the tentacles.

The figures 60, 61, and 62 should make tliis clear. In fig.

60 the lophophore is viewed from above, and the epistome

(shaded) is seen projecting over the mouth. The currents

are shown by the arrows descending the coils and passing

through the tentacular gap to escape over the anal area.

Fig. 61 is a section through fig. 60 at a, showing the course

of the water first separated by the intertentacular filtration,

and further down the course of the water impinging upon the

upper surface of the epistome. In fig. 62, a section through

B, this water is seen to pass out through the tentacular gap,

whilst the mucus strands continue their course down the

oesophagus. The epithelium of the trophophoral area is

indicated by thick lines, that of the hydrophoral by thin.

Conclusion.

My labours upon the Diplochorda (Phoronis and

Cephalodiscus) have now extended over some time. We
may here refer to some of the results.
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The first of these is that Actinotrocha has a pair of

organs which have at least as great a claim to be regarded

as rudimentary chordoid oi'gans allied to the notocliord of

the Vertebrates as have the so-called notochord of Balano-
glossus and Cephalodiscus. Roule (15a) has confirmed

the chordoid structure of them, although he differs in other

points.

In 1897 (10) it was pointed out that the chordoid structure

of the gut in Actinotrocha was not confined to the two

diverticula, but was also found in the mid-ventral portion of

the stomach just opposite the sac-like invagination which

later gives rise to the trunk of the adult. ^ This alone showed

the need for caution in drawing too close homologies, and

although the hypothesis was made that the two pleurochords

represented the paired rudiments of the single notochord of

the Vertebrates, it was with some reservation.

A study of Balanoglossus itself shows that the chordoid

metamorphosis of the gut epithelium is very widely present

in the various parts of the alimentary canal, especially in the

pharynx, in parts of which it extends completely round the

whole pharyngeal wall. This is so easily demonstrated (it is

referred to by Spengel) that it is surprising-, firstly, that

the fact is universally ignored in text-books ; and secondly,

that in the face of it the small pre-oral diverticulum alone

should have been selected for comparison with the notochord

of the Vertebrata (cf. Bateson). Consideriug that the

organ lies pre-orally, its great claim for notochordal recog-

nition must rest in the fact that its cells are metamorphosed

into vacuolated tissue similar to that of the vertebrate

notochord, and the value of this comparison is considerably

lessened when it is considered that the dorsal part of the gut

in the collar region, and even beyond it, is chordoid, and is

in a position relative to the nervous system more closely

resembling that of the vertebrate notochord. The structure

1 This appears to be in the same position as the so-called " pygochord " of

Willey, occurring in certain species of Enteropneusta.—A. T. M., March,

1900.
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of Actinotrocha and Bala oglossus points out clearly

that choi'doid modification may occur in any part of the

hypoblastic organs. On the other hand, in Cephalo-
discus, and, as I hope to show elsewhere, in Tornaria, the

chordoid metamorphosis is restricted to a pair of lateral

grooves along the pharynx, so that we are justified in sup-

posing that this represents the earliest condition of the

Archichorda, and that the Diplochordate condition has

become disguised in adult Balanoglossus by a further

spreading of the chordoid metamorphosis. Hence in

Balauoglossus there does not appear to be any one
organ which can be compared directly to the noto-

chord of the Eu chord a.

The phyletic history of an organ appears to consist of the

following steps :

1. The function and structure are co-extensive with the

organism itself, or very early limited to either the endoderm,

ectoderm, or mesoderm.

2. The function becomes concentrated in a certain part

of the primary layer, and the part itself then becomes differ-

entiated structurally from the rest of the layer.

3. The function is so fully defined as apart from that of

the primary layer as a whole, that the organ also becomes
organically separated fi'om the parent layer. In a natural

group it is to be expected that the lower members will

exhibit stages 1 and 2 of organs which are in stage 3 in the

higher.

It has been suggested to divide the Chordata into two
main groups, Archichorda and Euchorda, the former com-
prising Balanoglossus, Cephalodiscus, Phoronis, and
possibly the Echinodermata ; whereas in the latter there are

included the Urochorda, Cephalochorda, and Vertebrata.

The Archichorda are regarded as being the lower

members of the group, and we may inquire. How do they

stand the test of the organismal relationships above referred

to?

In the case of the nervous system, stages 1 and 2 are
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prevalent in all the Archichorda, a diffuse nervous plexus

(stage 1) and sundry definite nerve tracts being character-

istic of the group ; whilst in the Euchorda the central and

peripheral nervous systems are alike organically separated

from the parent ectoderm.

Applying the same test to the notochord, we find that in

the Archichorda a large and more or less indefinite part of

the endoderm is metamorphosed into chordoid tissue in

accordance with the needs of each particular type. (A cross-

section of the pharynx of Balanoglossus shows this

clearly.) At the same time there are indications of stage 2,

The chordoid tissue becomes definitely located at certain

parts, and these become more or less distinct structurally as

organs (pleurochords) still in organic continuity with the rest

of the endoderm.

In the Euchoi'da the notochord has completely separated

from the endoderm in the adult.

This method of looking at the matter will show clearly

the relationship of the chordoid organs of the Archichorda

to those of the Euchorda. It may be possible with further

research to indicate an actual organ among the former which

may be regarded as the direct homologue of the notochord,

but it will probably be in some larval form with an unpaired

dorsal rudiment, not in adult Archichorda.

The same relationships might be pointed out in the meso-

derraic organs. The mesoderm in the Archichorda merely

shows archimeric segnaentation, and does not show a com-

plete separation into various organs. In the Euchorda the

mesoderm is not only metamerically segmented, but early

divided up into separate oi'gans, such as nephrotome, myo-

tome, sclerotome, etc.

Lastly, in the case of pharyngeal clefts, I have attempted

to indicate elsewhere (10b) that the origin of these organs

must be sought for in the grooves at the corner of the

moutli which, very early even in the history of the Archi-

chorda, become segmented backwards from the mouth. In

this way I would regard the pharyngeal clefts as originating
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primarily from the mouth, the inverse to Dohrn's hypothesis,

which regards the Vertebrate mouth as a pair of fused

pharyngeal clefts, a view which does not appear to take suffi-

cient account of physiological differentiation.

In part 1 (10) it was shown that Actinotrocha has five

coelomic cavities, with many of the relationships of the five

cavities in Balanoglossus ; and they were compared not

only with these, but with the five cavities which appear to be

an integral part of the constitution of a great number of the

lower Coelomata. In this last part of the work the origin of

these cavities is shown to be similar to that of the same

organs in Balanoglossus.
Roule (15a) in a recent paper disagrees with my conclu-

sion on the relationship of Phoronis to the Heraichorda

(so called), and attempts to regard Actinotrocha as a

trochophore. The body-cavity of a trochophore is a

hgemocoele, whereas the hfemoccele is restricted in Actino-
trocha to small spaces between the ccelomic sacs. Until

Roule is in a position to demonstrate the absence of these

five coelomic sacs one need hardly attach much importance

to his comparisons of Actinotrocha with a trochophore

nor to his refusal to accept my enlignment of the former

with the Enteropneusta.

St. Andrews; March, 1899.
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EXPLANATION OF PLATES 18—21,

Illustrating Mr. Arthur T. Masterman's paper " On the

Diplochorda/'

Abbreviations.

arch. Arclieiiteroii. bp. Blastopore, be. Blastocoele. ent. Enteroii. m.

Mouth, vise. Mesocoele (collar cavity), mtc. Metacoele (trunk cavity), ng.

Nerve gaui,dion. p. Pre-oral hood. pc. Protocoele. sns. Subneural sinus.

st. Stoniodseum. t^, fi, fi. Pairs of tentacles.

PLATE 18.

Fig. 1.—Embryo in egg-membrane.

EiG. 2.—Embryo with two blastomeres ; side view.

Fig. 3.—Embryo with four blastomeres; side view.

Fig. 4.—Embryo with four blastomeres; ventral view.

Fig. 5.—Embryo with eight blastomeres ; side view.

Figs. 6—10.—Lateral views of series of larvae.

Figs. 11—15.—Ventral views of series of larvae.

Figs. 16—18.—Lateral views of late larvae.

Fig. 19.—Ventral view of Fig. 18.

Fig. 20.—Mucus band with embryos.

PLATE 19.

Pig. 21.—Transverse section of Fig. 3.

Figs. 22—24.—Longitudinal sections of embryo later than Fig. 5.

Fig. 25.—Longitudinal sagittal section of Fig. 11.

Fig. 26.—Longitudinal sagittal section of Fig. 12.

Fig. 27.—Longitudinal sagittal section of Fig. 13.

Fig. 28.—Longitudinal coronal section of Fig. 13.

Fig. 29.—Longitudinal sagittal section of Fig. 9.

Fig. 30.—Longitudinal sagittal section of Fig. 10.

Figs. 31, 32.—Longitudinal coronal sections of Fig. 10.

F'iG. 33.—Transverse section of F'ig. 10.

Figs. 34—39.—Series of transverse sections of Fig. 16 (early).

F'iGs. 40—44.—Transverse sections through late stage of Fig. 16.

PLATE 20.

Fig. 45.—Transverse section through larva of Fig. 16.

F'iGs. 46, 47.—Longitudinal sagittal sections through Fig. 18.

F^lGs. 48, 49.—Transverse sections through Fig. 18.

Fig. 50.—Semi-diagrammatic half-larva at stage of Fig. 18.
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Figs. 51—54.— Lateral views of Phoronis australis, natural size.

Fig. 55.—Longitudinal section through body-wall of trunk region ot

Phoronis Buskii.

Fig. 56.—Transverse section througli nerve-ring of P. Buskii.

Fig. 57.—Isolated elements from Fig. 58.

Fig. 58.—Longitudinal section through epistome of P. Buskii.

Fig. 59.—Transverse section of lophophore of P. Buskii.

PLATE 21.

Fig. 60.—Diagram of transverse section through lopliO|iliore of P.

buskii, showing currents.

Fig. 61.—Longitudinal sagittal section through lophophore of P. buskii,

showing currents. The section is supposed to pass through A. in fig. 60,

but the coil of end coil in fig. 60 should be twisted a little more, so as to be

cut once more by the line. (Cf. fig. 59.)

Fig. 62.—Median sagittal section through lophophore of P. Buskii,

showing currents. The section is su[)|)0sed to pass through B. in fi^'. 60.
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1. Introduction.

Although tliG literature wliicli treats of the anatomy of

Arenicola is a large and growing one, there are several struc-

tures, such as the nervous system, the nephridia, the " hearts
"

and " heart-body," which have received little or no attention

from anatomists such as de Quatrefages, Grube, Claparede,

Pruvot, Racovitza, who have contributed largely to a know-

ledge of the comparative morphology of Polychtetes. Embry-

ologists have neglected the Arenicolidte even more. Wilson's

early paper (1882)^ still remains the only account of the

development of an Arenicola (A. cristata) from the egg

up to the early post-larval stage, and naturally enough only

deals with the external features. In 1893 the post-larval

stage of the common lugworm was identified by Dr. Benliam,

and though his decision was soon afterwards questioned by

Mesnil (1897), Benham's statements have since received full

confirmation. It is not our purpose to give in this place a

full resume of past or recent work on the Arenicolidae, but

merely to point out that both in morphology and embryology

there are lacunaB where our present knowledge is scanty or

entirely lacking. This statement applies, moreover, to the

groups with which it has been suggested, though on some-

what slender grounds, that the Arenicolidse are allied, namel}^,

the MaldanidfB on the one hand and the Scalibregmidce on

the other. For all we know to the contrary, these families

may represent three more or less parallel but independent

modifications. Their relationship can only be adequately

1 The dates in brackets form references to the literature quoted at the end

of this pnper.
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discussed when the modifications of structure and develop-

ment of each family are known as a whole. With reference

to the Scalibregmidte, for example, many of the structural

features are only known through the work of Rathke (1848)

or of Danielssen (1859). Even more recent writers, such as

Wiren (1887), have been content, when dealing with the

vascular system or the subdivision of the body-cavity, to

record the results of the examination of one or two genera

without even determining the limits of specific differences,

which at any rate in the Arenicolidae extend from obvious

external marks to the mode of origin of the gonads, or the

grade of development of certain ganglion-cells in the nei've-

cord.

But there is yet another class of evidence quite as impor-

tant for phylogenetic deduction as the modifications of organs

or the changes in larval and post-larval history. We refer

to the power of response to stimulation, or, in other words, the

physiology of the group. It is generally assumed that the

members of the sub-order of Polych^eta to which Benham
has given the term Phanerocephala Scoleciformia,^like

those of some other sub-orders, have acquired their distinc-

tive grade of organisation, in part at least, in adaptation to

their burrowing or sedentary mode of life. For example, the

reduction of the brain, the small size of the prostomium, the

absence of an armed pharynx, the modifications of the setse,

are explained by reference to the loss of free life, lack of active

competition, and to the necessit}^ of acquiring a structure

conforming to a less complex mode of life than is enjoved by

the Nereidiformia. A test which is quite applicable to both

groups, since they are in a large sense living under similar

conditions, would be the sense of response to variations of

light-intensity at different phases of growth, and to other

well-known forms of stimulation. At present we have abso-

lutely no data. The noteworthy presence in the Capitellidte

of one form, Dasybranchus, which possesses a brain more

' Includin;^ Oplieliidse, MaKlaiiidaj, Arenlcolidre, Scalibrei^midse, Chlorae-

niidse, arid Steriiaspidfe.
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highly organised than that of any other Polychgete at present

known, is sufficient to indicate that among other groups there

may he members which possess a highly sensitive organisa-

tion where we at present only suspect a slight power of

physiological response. The search for this important class

of evidence is at present a much more promising field than

the trodden paths of anatomy and embryology, though it is

clear that all these have to advance together in any attempt

to solve a phylogenetic problem.

In this paper, however, we confine ourselves to the anatomy

and the post-larval developmental features of the family.

The work has been largely carried out in Manchester, but has

necessarily involved visits to the coast. We have examined

the Lancashire coast, the neighbourhood of Port Erin, Isle of

Man, Plymouth Sound, and St. Andrews Bay. To Professor

Agassiz we are specially indebted for the loan of specimens

of Arenicola from the Harvard Museum. We also wish to

express our thanks to M. Felix Mesnil for specimens of A.

Grubii and of Branchiomaldane from St. Martin, and to

Mr. J. E. Duerden, Curator of the Institute of Jamaica, for

obtaining, after much trouble, a specimen of A. cristata

from the shore at Bluefields. The Naples station has sent us

specimens of this species, Avhich is rare, or at any rate diffi-

cult to obtain in the Mediterranean, and also material repre-

senting A. Clap are dii and A. Grubii. For the post-larval

stages we are indebted to Mr. R. L. Ascroft and to Dr.

Benham, who gave us a specimen sent to him from Ply-

mouth. To Professor Hickson we owe several valuable sug-

gestions, and many of the facilities which have helped us in

the course of the work.

The material upon which this paper is based has been col-

lected from many sources during the last three years.

(1) Arenicola marina, Linn.—In addition to specimens

from various parts of the British and Irish coasts, and from

Jersey, we have received two specimens from the Harvard

Musevim, collected at Grand Manan, and also coloured draw-

JTig by Professor Agassiz of an undoubted example of this
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species taken at Naliant. Altliough labelled Arenicola
natalis^ Gir., and A. areuata, tliese American specimens all

belong to the common European form.

Our attempts to obtain living specimens of larval or post-

larval examples of the lugworm have so far been unsuccess-

ful, but Professor Benham has presented us with a post-larval

stage, 4" 5 mm. long, captured at Plymouth, and Mr. E,. L.

Ascroft has given us two specimens taken in the tow-net at

high water near Lytham, on the Lancashire coast.

(2) Arenicola cristata, Stimps (A. antillensis, Liit-

ken.)—Three specimens from Naples ; a large specimen from

the Harvard Museum, but with no indication of its place of

capture ; a smaller one from the same museum, collected at

Captiva Key, Florida; and another, 47"5 mm. long, from

Bluefields, Jamaica.

(3) Arenicola Claparedii, Levinsen.—A considerable

number of specimens, full-grown and immature, from Naples;

and four specimens of what we consider to be this species

from the Harvard Museum, collected by Professor A. Agassiz

at Crescent City, California.

(4) Arenicola Grrubii, Claparede.—We have collected

this form in abundance at Plymouth, and at Port Erin and

Port St. Mary in the Isle of Man. Mr. Hornell has supplied

us with specimens from Jersey, M. Mesnil has kindly sent a

few from St. Martin, and we have also received specimens

from Naples. A specimen was taken by one of us at Port

Appin, near Oban, in Loch Liunhe, and others at Valencia

in the south-west of Ireland.

(5) Arenicola ecaudata, Johnston.—Many adults from

Port St. Mai-y, Plymouth, Valencia, and Jersey; a few and three

post-larval stages from Port Erin (August, 1896). Dr. S. F.

Harmer submitted a few specimens collected in the north of

Ireland. They differed slightly from more southern specimens,

but agreed closely with Rathke's description of his A. Boeckii,

which, however, does not rank as a distinct species.
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2. Distribution and Habits.

Distribution.

The genus Arenicola may be divided into two sections;

one (including- A. Grubii and A. ecaudata) in whicb the

gills and parapodia are continued to tlie end of the body, and

a second (including the remainder of the genus) in which

these structures are confined to the middle region. Of the

members of the first section, A. GTrubii is the more southern

form, occurring in the Irish Sea, North Atlantic, the Channel,

Mediterranean, and Black Sea; while A. ecaudata ranges

from Norway on both the east and west coasts of Great

Britain and Ireland to the Channel. Neither of these species

has been hitherto recorded from the American continent.

The section of the genus including A. marina, A. cristata,

and A. Claparedii occurs on both sides of the Atlantic. It

was pointed out in our paper (1898) on A. marina, that lat.

40° N. approximately marks the southern limit of this species,

since it is not found either in the Mediterranean or south of

New Jersey. In these more southerly latitudes its place is

taken by A. cristata, which, however, appears to be rare at

Naples, while it is abundant at Charleston Harbour, Virginia

(Stimpson, 1856), and at Anglesea, ten miles north-east of

Cape May (Ives, 1890). It has also been found at Jamaica

(Liitken, Duerden), Florida, and is reported from Vancouver

and Alaska on the Pacific coast. Arenicola Claparedii

is a common Mediterranean form, and four specimens which

exhibit the distinguishing features of this species have been

sent to us from California.

In his catalogue of non-parasitical worms in the British

Museum, Johnston (1865) records three species of Areni-

cola— (1) the common species, A. piscatorum (A. marina),

(2) A. branchialis, (3) A. ecaudata,^—but only the first

and third of these are recognised generally as British.

1 Johnston first recorded and described this species in 1835 (' Loudon's

Magazine '), but gave a new diagnosis and figure in tliis Britisli Museum

Catalogue,



ANATOMY AND CLASSIFICATION OF THE ARENICOLIDJl. 425

In a paper on " The Habits and Structure of Arenicola
marina^' (1898) we have shown that there are on the Lanca-

shire coast two varieties of A. marina^ differing in habits^

structure^ and times of maturity. The typical specimens of A.

marina inhabit the littoral zone^ living in U-shaped burrows.

They average about eight inches in length, and their gills,

which are ouly well developed in old deeply pigmented
specimens, are composed of 9— 11 stems, each provided with

3—5 pairs of short lateral branches. These forms breed in

the summer, at any rate on the Lancashire coast.

The second variety of A. marina is found in the upper

part of the Laminarian zone. It breeds in the spring, from

the beginning of March onwards. The gills of this form are

highly pinnate structures, consisting of about twelve stems,

united by a connecting membrane at their bases, and bearing*

ten or more branches on each side of the axis (cf. figs. 2 and

3, PI. 3, Gamble and Ashworth, 1898). This type of gill

has hitherto been known ouly in A. cristata. The discovery

of two races or varieties of A. marina distinguished by the

form of their gills necessitates a revision of the diagnostic

characters of this species, which have hitherto been based

chiefly on the shape of the gills and on the set^e. We were

unable to find the Laminarian variety during a visit in

September, 1897, to St. Andrews, where the coast has been

carefully searched for years by Professor Mcintosh and his

pupils without meetiug this form. It has, however, been

found in Jersey, and has been figured, probably from the

coast of Normandy, by Milne Edwards in the coloured plates

of Cuvier's ' Regne Animal ' (edition de Disciples, pi, viii,

fig. 1). From the records of A. marina made by Scandi-

navian and other naturalists who have examined specimens

from the Northern seas, it would appear that the littoral type

is the only one with which they were acquainted.

The species Arenicola branchialis was established by

Audouin and Milne Edwards (1834, vol. ii, p. 287, and pi.

viii, fig, 13) . It is distinguished, according to these authors, by

having the first fifteen segments setigerous only, by having
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16—28 pairs of brancliial tufts^ and by the posterior portion

of the body being abranchiate and apodous. We have been

at some pains to obtain the types or specimens of this species.

Unfortunately the types are lost from the museums both of

London and Paris. We have not been able to find among the

large number of specimens we have obtained^ any which,

while agreeing in other respects, exhibit a tail of the length

figured by Milne Edwards. It is possible that the species

A. branchialis is founded upon a specimen of either A.

ecaudata (which it resembles in the position of the first

pair of gills) or A. Grubii, in which the last few pairs of

gills have not been formed. We have several times found

specimens of A. Grrubii without gills, and parapodia on the

last two somites, and indeed specimens of this kind belong-

ing to the species A. Grubii have been sent to us from

Paris labelled A. branchialis. It seems to us that as the

descriptions and figures of this species are insufl&cient to

enable it to be identified, and as the type specimens have been

lost, for all practical purposes it must be ignored.

While working at Port Erin, Isle of Man, during Easter,

1897, we collected near Port St. Mary specimens of

Areuicola—with gills extending to the end of the body

—

which would be called A. ecaudata by most naturalists.

On examination we found that these specimens could be

separated into two sections ; the members of one were

characterised by the first gill being attached to the twelfth

cheetigerous segment, while those of the other section had the

first gills on the sixteenth segment (PI. 22, figs. 3, 4). More-

over a careful scrutiny of the nephridiopores showed that

the first section had only five pairs of nephridia, but the

second had no less than thirteen pairs. On comparing these

specimens with A. Grubii from Naples, we saw at once that

those specimens which had five pairs of nephridiopores and

gills commencing on the twelfth chaetigerous segment belong

to this species, which had not hitherto been recorded from

Britain ; while the specimens with thirteen pairs of nephridio-

pores correspond exactly with Johnston^s description and
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figure of A. ecaudata. Dissection, moreover, revealed further

differences between the two species, which are especially

obvious in the reproductive organs (see figs. 44 and 45). It

is somewhat remarkable that the result of a dissection of A.

ecaudata has never been published/ since even a rough

dissection of a siugle specimen, especially in the spring of

the year, would have revealed so many points by which this

species might be at once distinguished from any other species

of Arenicola. The uu certainty which hangs over the

distinctiveness of this species, even at the present time, is

shown by the endeavours of some recent authors to use A.

Grubii, hitherto known from the Mediterranean only, as a

synonym for A. ecaudata. One of the objects of this paper

is to point out the distinguishing characters of the species, so

as to enable more accurate records of these forms to be made

than has been the case hitherto.

The species, A. Claparedii, was founded by Levinsen

(1883, pp. 136— 138), who pointed out some of the differences

between this Mediterranean form and the northern specimens

of A. marina. Specimens of Arenicola from Naples which

possess thirteen pairs of gills are often labelled A. marina.,

which, howevei', does not occur in the Mediterranean. It is

replaced by A. Claparedii, which differs from A. marina in

the form of its gills, in having only five pairs of nephridia, and

in other ways.

Stimpson (1856, p. 114) founded the species A. cristata

(A. antillensis, Liitken) upon specimens obtained in

Charleston Harbour. This species differs from others in the

richly pinnate character and smaller number of the gills, and

in usually possessing certain papillary processes on the tail

(PI. 22, fig. 1, and PI. 24, figs. 30—33).

All specimens of Arenicola which have hitherto been

completely investigated and described, fall within the five

species meutioued above, viz. A. marina, A. cristata, A.

Claparedii, A. Grubii, and A. ecaudata.

' Since this was written we have received a paper from M. Fauvel (1899)

in which this has been done.
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A. marina (= A. piscatorum, Lamarck) includes A.

tinctoria, Leacli, and A. carbonaria, Leach/ which dif-

fered somewhat in colour from more typical specimens.

A. n a talis, Girard (1856, p. 88), is nothing more than an

ordinary A. marina, in which Girard has mistaken the

ventral for the dorsal surface. The smooth dorsal line which

he describes as one of the peculiar characters of this worm
is the line found on practically all specimens of Arenicola
indicating the position of the ventral nerve-cord, its anterior

division into two being the usual division into the two

metastomial tracts or grooves which mark the position and

course of the oesophageal connectives. A. natal is has

thirteen pairs of gills, and six pairs of parapodia in front of

the first gill, thus exactly agreeing in these respects with A.

marina. It was found on Chelsea Beach (Mass., U.S.A.),

i. e. well to the northward of lat. 40° N., which, as we have

shown, marks the southern limit of A. marina.

As stated below, Clynienides sulfureus, Mesnil (1897),

is now proved to be the post-larval stage of A. marina.

A. cristata (== A. antillensis, Liitken, 1884) probably

also includes A. glacialis, Murdoch,^ from Alaska. The

description of this latter species is very brief and insufii-

cient, the only characters of real importance mentioned being

the presence of eleven branchiferous segments, preceded by

six abranchiate segments, thus exactly agreeing with A.

cristata.

Czerniavsky^ describes three new species of Arenicola
from the neighbourhood of Sevastopol (Black Sea), viz. A.

cyanea, A. dioscurica, and A. Bobretzkii; but these are

undoubtedly specimens of A. Grubii, differing from each

other only in colour, age, and size. All of them have eleven

anterior abranchiate segments, as in A. Grubii, and at

' 'Eiicyclopsedia Britanuica,' Sujjplenient, vol. i, p. 452.

2 'Proceedings United States National Museum,' VVasiiington, vol. vii,

1884, p. 522.

* 'Bulletin de la Societe Imperiale des Naturalistes de Moscou,' vol. Ivi,

1881, pp. 353—356.
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most only one posterior abranchiate segment^ which, as men-

tioned above (p. 426), is frequently found in specimens of

A. Grubii. The only differences between these forms are

connected with the colour and number of gills.

The colour of A. Grubii varies within wide limits, for in

one gathering at Port St. Mary we have taken specimens of

this species varying in colour from dark green through dark

red to reddish yellow. The number of gills described as

occurring in A. cyanea, A. dioscurica, and A. Bobretz-
kii is respectively thirteen, fifteen, and twenty pairs. This

difference is probably explained by the different ages of the

specimens chosen as typical of the species.

A. Boeckii, Rathke, as described by him (1843, p. 181,

and pi. viii, figs. 19— 22), is an indubitable but probably

young A. ecaudata, as it has the first gill on the sixteenth

chsetigerous segment, and has forty pairs of gills. Speci-

mens agreeing with Rathke's description have been sub-

mitted to us, and after a careful examination of their external

characters, and of some points in their internal anatomy, we
consider them to be young forms of A. ecaudata (see p. 423).

Clymenides ecaudatus, Mesnil (1897), is the post-larval

form of A. ecaudata.

A. pusilla, de Quatrefages,^ of which only a single in-

complete specimen is known, from Coquimbo : A. assimilis,

Ehlers,^ from the Straits of Magellan : and A. Loreni,

Kinberg,^ from the Cape : are so shortly and insufficiently

described, that for all practical purposes they must be

ignored.

Habits.

(1) Arenicola Grubii and A. ecaudata.

On the coast of the Isle of Man, at Port Erin and Port

St. Mary, and at Plymouth, A. Grubii and A. ecaudata

1 'Hist, des Anueles,' tome 2, part i, p. 266, 1865, Paris.

2 'Magalliaen. Sanmiel Reise-Polycbseteu,' Hamburg, p. 103, 1897.

' ' Kong. Sveiiska Fregatt. Eugenies Resa,' 1857, and * Aunulata nova

Recensuit," ' Oefv. k. Vet. Akad. ForLandl.,' 1865, p. 355.
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live together near tlie bases of rocks in a deposit composed
of SRnd and small stones. Like A. marina, they are charac-

teristically littoral animals, occurring in and above the upper

portion of the Laminarian zone. At Port St. Mary they are

best obtained by overturning large boulders lying on the

gravel-like beach_, and digging in the place so exposed with

the hands until the worm is seen gliding, almost like an

earthworm, into its burrow. The excavation is then enlarged

all around this point, as the worms seem to occur in batches in

certain places, each of which, being probably very suitable to

their wants, has attracted several specimens. The debris of

decomposing rock appears to have a great attraction for these

species, and in a suitable locality such as Port St. Mary
they may be collected in considerable quantities. At this

place four workers obtained seventy-six specimens of A.

Grubii and thirty-six of A. ecaudata in the course of

rather over an hour's work, while at Port Erin only about

half a dozen specimens of A. Grubii were obtained in

the same time. These species do not construct a regular

burrow like that of A. marina. They are often found in

oblique and curved holes in the gravel, a few inches below

the surface, but there is not a definite opening leading to the

exterior. They take into their alimentary canal the sand

and gravelly material in which they live, and their castings,

being composed of larger particles, are less firm than those

of A. marina; and the components fall apart from each

other, mingle at once with the gi'avel among which the worms
live, and are not piled up on the surface as in the case of the

common higworm. In specimens of A. ecaudata obtained

from Valencia (co. Kerry) there was little sand, but the

alimentary canal was distended with pieces of Fucus. At

Naples A. Grubii lives chiefly in sand mixed with putres-

cent matter, and breeds through the spring (Lo Bianco,

1899). On the British coasts both this species and A.

ecaudata breed in the spring.

Most specimens of A. ecaudata are yellowish red or

dai'k red in colour, but some are dark green. A. Grubii is
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generally dark green in colour, but may be dark red or

occasionally yellowish red in colour.

As we said above (p. 429), Arenicola Boeckii appears

to be merely a variety of A. ecaudata, and we are confirmed

in this opinion by the examination of a few specimens col-

lected by Mr. H. Hanna, of St. John's College, Cambridge,

and sent to us for identification by Dr. Harmer. The note

appended to them (written by Mr.Hanna) supplies some details

of their capture. " The specimens came from Murlougli

Bay, near Fair Head, co. Antrim. Four were found living

in deep circular pits, 2^ feet deep and about 1 foot broad,

in a raised bank of soft green sandstone near high water.

The bank of rock was washed over by waves at high tide.

The worms were of a bright scarlet colour, and lived in soft

greyish mud inside their membranous tubes, which slipped

off very readily." The form and position of the nephridia

show that these specimens belong to Arenicola ecaudata,

but as they differ in appearance from specimens of the usual

pigmented type in their transparent body-wall, and agree in

this respect and in size with Rathke's A. Boeckii, we con-

sider them to form a variety of the species A. ecaudata,
for which Rathke's name may be retained.

Concerning the methods of oviposition and the habits of

the larva we have been unable to obtain any information,

but we have obtained three very young specimens of A.

ecaudata.

On August 13th, 1896, while at Port Erin one of us col-

lected at a very low tide a large number of the "roots" of

Laminaria from the ruined breakwater, in the hope that

in their interstices some rare worms might be lodging. On
washing and examining the roots carefully one by one, many
worms were obtained, among whicli were three young speci-

mens of A. ecaudata. These are 7'2 mm., 8 mm., and
9'4 mm. long respectively. They are probably only a few

months old, and had but recently settled down to their

littoral habitat. They possess thirteen pairs of nephridia,

but no gills have yet been formed (PI. 24, figs. 35, 3G).
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Fauvel (1899) has shown that the early post-larva of A.

ecaudata before the assumption of gills lives not in sand,

but in the interstices of algae. It is enclosed in a gelatiuous

tube, tlu'ough which the internal organs of the transparent

body can be readily perceived. Ouly later on when the gills

are well developed does the animal adopt the arenicolous

mode of life.

Lo Bianco (1893, p. 10) states that Neapolitan specimens

of A. Grubii attain a length of 150 mm. The largest British

specimens of this species and of A. ecaudata attain a length

of 225 mm.
The skin of A. Grrubii and A. ecaudata is remarkable

for the large amount and tenacity of the mucus which exudes

from it. This is generally yellowish green in colour, and

readily stains the hands.

The peristaltic action of the body-wall, the waves passing

from behind forwards, was observed even more clearly than

in A. marina, but the gills of these two species do not possess

the same amount of contractility as those of A. marina.

(2) Arenicola Claparedii.

This species is found at Naples living in sand mixed (Lo

Bianco, 1893, p. 9; 1899, p. 484) with putrefying matter, and

breeds from November to May. The body is often trans-

parent, the tail chrome-yellow. In other specimens the colour

is reddish with green reflections. The examples from Crescent

City, California, were of a dark green, almost black colour.

Specimens of A. Claparedii average about 70—80 mm. in

length, but according to Lo Bianco (1899) they may attain a

length of 150 mm.

(3) Arenicola cristata.

This species is rare at Naples, and occurs chiefly among
(Lo Bianco, 1899, p. 484) decaying matter in the Porto mer-

cantile, breeding from June to August. It was found by
Stimpson (1856) at the entrance to Charleston Harbour living
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in the lower portion of the littoral zone. The general colour

is dark velvety bottle-green, with slight yellowish and bluish

iridescence. The branchijB and proboscis are reddish, the

notopodial setas golden yellow. The specimen from Captiva

Key is flesh-coloured, and the one from Jamaica is black up

to the seventh segment, semi-transparent and almost colour-

less behind.

The large American specimen of A. cristata is 360 mm.
long (PI. 24, fig. 30), and specimens 400 mm. long have been

taken at Naples (Lo Bianco, 1899, p. 484).

According to Llitken (1864) this species (to which he gave

the name A. antillensis) is common on the shores of the

West Indies, but although Mr. J. E. Duerden, Curator of the

Institute of Jamaica, has searched the coast for some time he

has only been able to meet with one specimen, so that this

species is not common on the Jamaican shores.

Of the habits of A. cristata Stimpson (1856) says, ''It

occurred in the third and fourth sub-regions of the littoral

zone, living in holes in the hard sand excavated to two feet.

The holes were exactly adapted to the thickness of the

animal, and were not furnished with a lining of any kind.

They extend obliquely downwards, at first perpendicularly,

then curving horizontally. The lower extremity is about

one foot below the surface. Each worm was found head

downwards in its burrow. During the hitter part of March

we frequently observed in and about the holes of this animal

great quantities of a soft transparent jelly filled with minute

brownish specks, which proved to be the eggs." Of these

egg-masses Professor E. B. Wilson (1883) gives an interest-

ing account. " The eggs are embedded in huge gelatinous

masses, which assume various forms as they are swayed to

and fro by the tide. A common form is irregularly cylin-

drical, three or four feet long and as many inches wide.

Sometimes they are rounded and shapeless, lying flat on the

sand ; in other cases they are as long as six feet and more,

and from one to three inches in diameter. The eggs are

small, '13 mm. in diameter, nearly spherical or slightly ovoid.
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very opaque, and are enclosed in a thick chorion, whicli seen

by oblique light appears to be perforated by minute radiat-

ing pores. The yolk is a light cinnamon colour. Segmenta-

tion is almost equal, and the embryo gradually elongates, and

when eighteen to twenty-four hours old acquires a belt of

cilia in front of which two eye-spots appear, and a broad

band of cilia also appears on the ventral surface. The first

pair of setee appears on the third day, and the mouth is by

that time distinct. The larvae hatch on the third day, and

swim freely for a day or two. The notopodial setee are first

formed, appearing from above downwards ; the neuropodial

setae appear at the end of the third or beginning of the

fourth day. The larvas then secrete a gelatinous tube, sink

to the bottom of the vessel, and creep about there. There

they lived for more than three weeks, and by the end of that

time possessed eleven to twelve setigerous segments.'"

The post-larvee of A, marina taken at Plymouth by

Garstang, and described by Benham {' Journ. Marine Biol.

Assoc.,^ vol. iii, No. 1, 1893, p. 48), also inhabited gelatinous

tubes which they had secreted, and which closely invested

their bodies. This covering, however, did not prevent them

swimming actively in an eel-like manner, generally near

the surface of the water (Garstang).

Small specimens of A. marina when taken from the

sand are beautifully transparent for some time, but when

placed in sea water the skin gradually becomes translucent

and finally opaque. Littoral forms are generally reddish or

yellowish red in colour, while those from the Laminarian zone

are much darker in colour, sometimes indeed almost black.

On the Lancashire coast Laminarian specimens attain a

length of 400 mm.

3. External Characters.

Although the chief external features of the Arenicolidas

have been carefully studied by a number of zoologists, yet

there is still some doubt as to the meaning of certain of
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the more obscure points, such as the prostomium, the mor-

phological value of the buccal segment, the nature of the

gills, the presence of cirri, the presence or absence of scat-

tered sense-cells in the skin of the body.

I. Segmentation. — The strictly morphological com-

ponents of the entire worm are the prostomium, the pygidium,

and the long intermediate region composed of segments, the

parapodia of which mark out certain regions. Thus there

is always a chgetigerous but abranchiate region up to the

seventh segment;^ then in the ''marina" section of the

genus there are from eleven to thirteen segments, bearing

plumose, highly vascular gills attached to the dorsal element

(notopodiura) of the parapodia. Gills and parapodia then

cease, and behind this point there is merely a caudal region,

varying in length, and, with the exception of some varieties

of A. cristata, unprovided with any parapodial outgrowths,

though still preserving traces of its segmentation. In these

specimens of A. cristata there is a double paired row (one

pair more dorsal and one more ventral) of hollow processes

placed at segmental intervals along the sides of the tail (PL

22, fig. 1, and PL 24, figs. 30—32). We discuss this matter

more fully later on (p. 442). In the "ecaudata" section

the gills and setee are continued to the hinder end of the body.

The presence of branched, strongly developed gills, and

their arrangement on at any rate all the middle segments,

together with their absence from the first seven, is a cha-

racter which distinguishes the genus Arenicola. Almost

equally diagnostic and constant is the secondary annula-

tion of the skin, so that the space between two cheetigerous

annuli is subdivided by three grooves into four rings. The

second of these grooves posterior to each of the chaetigerous

annuli is the intersegmental groove, and at this level the

septa, if present, are inserted. The segments of the caudal

> The first bundle of setse is placed in the adult worm in the middle of the

first chseligerous segment, and this segment is referred to in the text as the

first segment. Consideration shows, however, that it is probably really the

third segment (see p. 441).

VOL. 43, PART 3. NEW SERIES. HH
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regioninthe "marina" section of the genus cannot, however,

be determined by this criterion, since the ch^tigerous annuli

are missing.

The division of the body of Capitellids into thorax and

abdomen by the use of regional characters afforded by the

sette alone, finds but a feeble analogy in Arenicola, The

anterior segments bear as a rule both the capillary setse de-

fining the " thorax," and the crotchets which are confined to

the "abdomen" of at least some genera of Capitellidae. In

Arenicola cristata alone is there an approach to the

Capitellid arrangement. For in the first two and in some cases

three segments the crotchets are absent or invisible in a

surface view. The regional external characters are afforded

by the gills, which, as we have already mentioned, are pecu-

liar to the genus and the family.

II. Prostomium.—Though necessarily fused at its pos-

terior margin with the peristomium, the prostomium is distinct,

and at least in A. Claparedii fairly well developed (PI. 27,

figs. 59, 60). It is often stated or implied that this fusion

is more extensive, and entails the more or less complete

suppression of the prostomium, in Arenicola. Such, however,

is not the case; and even in the " e can data " section, where

it attains its least development, this structure has fully pre-

served its individuality (PI. 22, fig. 5). The misleading state-

ments to the contrary are probably due to the retraction of

this structure within the nuchal groove, which results from

most of the ordinary killing methods. A powerful retraction

of the buccal muscles in the living animal also tends to hide

the prostomium.

As is the case with so many other structural features, the

prostomium exhibits two types characteristic respectively of

the "marina" and the "ecaudata" sections of the genus.

In the former it is a hollow, lobate, highly vascular and thin-

walled structure ; in the latter it forms a smooth, conical,

opaque prominence. The forms which it assumes are more
readily understood from PL 22, figs. 2, 5, and PL 27, figs. 59

—61, than from lengthy descriptions.
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The shape of the prostomium of A. marina was described

and figured in our previous paper^ and we have only to add

that A. cristata has an organ of almost exactly similar

shape. In specimens from Jamaica^ Naples,, and the Pacific

coast of America it is uniformly of a trilobate shape, and

measures about 1 mm. in length by slightly more in breadth.

It is hollow^ and contains an extension of the coelom accom-

panied by vessels. As in the lugworm, the brain is in close

association with the skin, and fills up the greater part of the

cavity of the prostomium.

In A. Claparedii, different specimens of approximately

the same and of different lengths exhibit a considerable

variation in the shape of the prostomium (PI. 27, figs. 59

—

61). Its comparatively large size drew Levinsen^s atten-

tion to it, and he demonstrated for the first time the presence

of the prostomium as a distinct structure in the Areni-

colidte. Some of the Californian specimens show a marked

similarity in prostomial form to the typical adult Mediter-

ranean ones, while others differ slightly in this respect, but

their differences are paralleled by the variation in the shape

of this organ in the young Neapolitan specimens as com-

pared with adults. Unfortunately we have never seen A.

Claparedii alive, and we are unable to state how far these

differences may be accounted for by irregular contraction

of the prostomial lobes, and how far they may represent

natural variations in the form of the organ itself. The
form of the organ is essentially similar to that of A.

marina, but the median area is often conspicuously raised,

while the lateral projections are bent downwards and out-

wards, so as almost to suggest in some specimens that they

represent traces of tentacles. Though hollow, the anterior

lobes of the brain extend into them, so it is not probable

that they are of tentacular nature. A comparable pro-

stomium occurs in Scalibregma, in which the anterior

prostomial margin is produced outwards like the cross of

a T (see Rathke, 1843, pi. viii).

In the "ecaudata" section the conical, non-lobate pro-
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stomium is similar in the two species (PL 22, fig. 5). In front

it is continuous with the papillose margin, forming an upper

lip which overhangs the mouth.

III. Eyes and Nuchal Organ.—There are two struc-

tures developed from the prostomium, the eyes (PL 24, fig.

34) and the ciliated grooves or nuchal organ, which may be

considered under the head of external organs, though the

former and the greater part of the latter are hidden when an

adult specimen is viewed from without. The structure of

the eyes is more fully considered in the section on the sense-

organs (p. 506, and PL 27, fig. 55). It will be sufficient to

state here that they are comparable with the earliest stage

of the development of eyes in Nereis as regards structure,

but that they are sunk even in early post-larval stages of A.

marina into the ganglionic layer of the brain. In this

position they persist apparently throughout life in all species

of the genus.

The nuchal organ or ciliated groove is a V-shaped ciliated

but deep and naiTOw groove, formed by an invagination of

the epidermis of the sides and hinder end of the prostomium,

as is well seen in the figure of A. Claparedii on PL 27, figs.

56 and 57, from a specimen 26 mm. long. The arms of the

groove diverge, and run somewhat outwards and downwards

as far as the anterior cerebral lobes, while their hinder ends

are connected by a curved portion lying at a higher level.

Since, however, the groove is sunk deeply into the body its

appearance in horizontal section is that of a pair of tubes

commencing anteriorly in the angle made by the projection

of the lateral prostomial lobe, and then running inwards and

backwards, so that only the dorsal sections show the union

of the two grooves near the hinder edge of the prostomium,

although of course they are in connection with the exterior

along their whole length.

In A. cristata the nuchal organ is essentially similar to

that of A. marina described in our previous paper, and it

is only necessary to emphasise the single character of the

organ ; for although it is innervated from a pair of posterior
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cerebral lobes there is no reason for regarding it as a double

structure, at least in full-grown Arenicola, though it may
arise from a paired origin, and is undoubtedly equivalent to

the pair of ciliated eversible organs in Capitellids and

Opheliacea, and to the two longitudinal grooves on the

prostomium of Maldauidse. In a very young specimen of

Arenicola marina in our possession (a post-larva 4*5 mm.
long) the nuchal organ is already present, and consists of

a median transversely placed depression '04 mm. from side

to side and "012 mm. deep.

The groove is similar in both A. Grub ii and A. ecaudata,

while its course differs from that hitherto described (PI. 22,

fig. 5). The arms of the groove commence ventro-laterally,

and run upwards and backwards, but before meeting on the

dorsal surface of the prostomium they bend sharply back-

wards and then unite in a short transverse line. In A.

ecaudata the thickened lips are nearly black in colour and

fairly wide apart, and thus contrast with the pink tint of the

bottom of the groove. In A. Grubii the lips are more

closely apposed.

In this section of the genus the nuchal organ is further

distinguished by its innervation. In place of the cerebral

lobes of A. marina there are several posterior outgrowths of

the commissure-like brain, which have rather the appearance

of nerves than of lobes. In some specimens, however, a

median process of the brain extends backwards so as to

underlie the dorsal part of the nuchal groove. The organ is

already present in post-larval specimens of A. ecaudata
7'2 mm. and 9*4 mm. long.

IV. Peristomium.—The peristomium is fused with an

annulated achtetous region, which lies in front of the first

parapodium. The composition of this region is difiicult to

determine, but it can be shown to result from the fusion of

the peristomium and the first chaetigerous segment, the seta

of which is vestigial and disappears early. The grounds for

this conclusion rest upon (1) the external delimitation of

the peristomium from the first segment in the post-larva of
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botli A. marina and A. ecaudata (PI. 24, figs. 34, 35) ; (2)

the constant position of the otocyst ; (3) the vestigial seta

;

(4) the nerves given oil by the connectives ; and (5) the

presence of a segmental " giant-cell " in the cord just behind

the point of union of the commissures (see PI. 29, fig. 79).

The debatable region in question extends from the hinder

border of the prostomium (as indicated by the nuchal groove)

to the annulus immediately in front of the first (adult) para-

podium. Laterally it is often marked by two sloping grooves,

the '' metastomial grooves" of Ehlers (1892), which indicate

the course of nerve connectives uniting the brain with the

ventral cord. It is crossed by a number of circular grooves,

which vary in number in different species. The skin of the

annulus between any two grooves is marked out into raised

areas like a mosaic.

The position of the otocyst is indicated by an aperture

(A. marina) or by a slight depression (A. Grubii and A.

ecaudata), a little dorsal to the point of intersection of the

second of these grooves (counting from the prostomium)

with the metastomial groove. The otocyst is supplied by a

large nerve from the commissure, and a special development

of ganglionic cells occurs at the point of origin of the

otocyst nerve, extending slightly beyond and below this

point. The region between the prostomium and the second

groove is thus composed of two annuli bounding the mouth,

and containing the otocyst, otocyst nerve, and ganglion. This

region constitutes the peristomium. On this view the sugges-

tion made by Ehlers that the otocyst represents a pair of

modified peristomial cirri is extremely probable, but as the

early development of these organs has not been studied in

Arenicola, Aricia, Wartelia, or any other genus, the

suggestion can hardly be regarded as proven.

The presence of a vestigial seta in post-larvse of A.

marina (Benham), A. ecaudata (Mesnil), which disappears

later, indicates the presence of a segment between the

peristomium and the first adult chaetigerous segment. We
have not been able to confirm the occurrence of this seta
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with any certainty, but we are able to produce additional

evidence in favour of this view. In A. marina and A.

Grubii there are certain "giant-cells " which occur usually

in couples near the hinder limit of each segment (see PL 29).

In A. ecaudata and A. cristata we have also found them

in the anterior segments, and always in the same relative

position. Now at the meeting-point of the connectives there

is a single giant- cell in the first three of the species named.

This giant-cell lies in the region which bears the vestigial

seta, and it may be taken as confirming the view first sug-

gested by Benham (1893) that this is the second segment,

the first parapodium being attached to the third.

The limits of the second segment then include a number
of annuli up to the dorsal insertion of the first septum, exactly

one annulus in front of the first parapodium of the adult.

Accordingly the first chsetigerous segment of the full-grown

Arenicola is really the third, and is preceded by a segment

bearing a giant-cell and vestigial seta, and this again by the

peristomium.

The conical notopodium and vertical rows of neuropodial

crotchets lie about, or slightly behind, the middle of each of

the succeeding segments. In all the species the surface of

the body is areolated ; the areolae are composed of glandular

pigmented cells, the interstices being made up of finer non

glandular elements.

V. The Gills.—These structures, so characteristic of the

genus, are hollow branched outgrowths of the body-wall, and

contain an extension of the coelom by which the afferent and

efferent blood- capillaries are brought into close contact with

the thin and delicate epidermis. The gills are attached to the

inner side of the notopodium, and their branches radiate from

this point like the parts of a fan. In the " marina " section

the type of gill is in every species the same, though, as we

showed in our previous paper, there are two distinct varieties

of gill (the dendritic and the larger feathery or pinnate) in

A. marina. In this type the branches are only connected

together at their bases by a kind of webbing, they are not
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fused basally. In A. ecaudata and A. Grubii (as Horst

[1889] first pointed out for the latter) the branches all spring

from a common stem. The mode of division of the branches

into leaflets is also somewhat different in the two cases. In

A. marina, A. cristata, and A. Claparedii the division is

nearly pinnate, though the leaflets are not strictly opposite,

but more nearly alternate. In A. ecaudata and A. Grubii

the branches bifurcate, and then the posterior of the two so

formed dichotomises near its tip. By a repetition of this

process the leaflets have a very distinctive appearance when

seen en masse, as contrasted with a pinnate type, all the

subdivisions taking place on the corresponding (posterior)

side of the secondary branches. The figures on PI. 22, fig.

7, will help to make this clear.

The gills so formed are in some species retractile, though

never to the same degree as in Capitellids. This property

is best developed in the common lugworm, in which the whole

line of gills contracts from behind forwards, and so, as Milne

Edwards (1838) pointed out, assists in maintaining a circula-

tion of the blood.

The gills of the Arenicolidas are usually considered to be

special structures rather than modifications of a dorsal cirrus,

on the grounds that in development each gill arises from a

slight evagination of the body-wall without the appearance

of any specially sensory structures such as in the Nereidi-

formia occur on the dorsal cirri before their transformation

into gills (Benham, 1893, p. 50). The gills of Arenicola, in

fact, develop from the first in connection with a capillary loop,

and function at once as respiratory structures.

Cirri, in fact, have never been demonstrated in the

Arenicolidas. In A. cristata, however, certain large

papillEe occur on the tail (PL 22, fig. 1, and PI. 24, figs. 30

—32), and these have been variously interpreted as cirri,

as accessory gills, or as merely somewhat large purely

epidermal processes. Stimpson (1854) and Liitken (1864)

have referred to them in describing American and West

Indian specimens. Levinsen (1883) suggested that they
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might be gills, but Ehlers (1892) was not disposed to take

this view. No good description has been hitherto published,

and no histological details exist up to the present.

On the first caudal segment of the large specimen lent to

us by the authorities of the Harvard Museum there exists

a pair of rudimentary gills. This is clearly shown by the

one on the right side being composed of four distinct

branches bearing short processes {End. Br., PL 24, fig. 31).

These two additional gills agree in position with the normal

ones.

Just dorsal to each of the last four or five neuropodia of

this specimen, and of another from Captiva Key (PI. 24, fig.

33), there is a small tubercle (sometimes a slight depression),

distinct, from its size and colour, from the neighbouring

scattered papillae. The imperfect state of preservation of

these specimens prevents us from making an exhaustive

histological study of these structures, which agree in position

with the " Seitenorgane " of Capitellids. It is very possible

that examination of fresh or well-preserved material will

result in the discovery of a sensory epithelium on these

tubercles. There are also segmentally arranged outgrowths

on the tail (PL 24, figs. 31, 32). Two of these, as we have

already stated, are accessory gills ; and just as beneath the

last few pairs of fully developed gills there are peculiar

tubercles, so beneath these rudimentary gills on the first

caudal segment there is a tubercle, or rather two, one above

the other. The three structures, gill and tubercles, are

placed on a thickened annulus clearly corresponding (PL 24,

figs. 31, 32) to one of the chfetigerous annuli, as is further

shown by their relation to the internal septa (fig. 30). The
more dorsal of these tubercles on the left side was 3 mm.
long, and the one beueath this 2 mm. long. In section these

tubercles are found to be hollow vascular outgrowths of the

whole thickness of the body-wall, and though we have not

ascertained that the epithelium has specially sensory elements

or is ciliated, yet it is undoubtedly composed of columnar

glandular cells. These tubei'cles are cirriform structures, but
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in the absence of any good evidence of their sensory nature it

would be premature to call them cirri.

Each of the remaining segments of the tail bears one or

two such tubercles, which are distinguished by their size and

hollow vascular nature from the scattered epidermal papillae.

The annuli upon which they are placed are thickened and

placed regularly at segmental intervals (PL 24, figs. 31, 32).

Such tubercles, borne on either the last chaetigerous seg-

ments or on the tail, occur in all the American and West

Indian specimens we have examined. They are absent,

however, from the Neapolitan examples of A. cristata.

4. Setse (PI. 23).

The setse of Arenicola may be divided into two kinds :

(1) the capillary sette forming the notopodial pencil ; and (2)

the crotchets or chaetas present in the neuropodial ridge :

though, as we shall point out below (see p. 446), these two

kinds of setae in very young forms are not strictly confined to

the positions above named.

Notopodial Setae.—The notopodial setae are similar

throughout the genus, though there are certain features which

appear to be characteristic of the various species. Each

notopodial seta is a slender capillary structure inserted at its

proximal end, along with many other similar setse, in a setal

sac, which is moved by special retractor and protractor

muscles. The seta has an almost uniform diameter for a con-

siderable portion of its length, but it tapers at its distal end

to a fine point. This tapering portion bears several rows of

very minute hair-like processes, beautifully and regularly

arranged like the barbs of a feather upon its shaft (figs. 13,

20, 23).

The notopodial setse of adult specimens of A. marina, A.

Claparedii and A. cristata closely resemble each other.

They are moderately stout, and the hair-like processes upon

them are numerous and well marked. The notopodial sette

of A. cristata are very hairy, especially in old specimens,

and the barbs or processes on the set^ are more numerous
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than in any other species of Arenicola (see figs. 13, 14).

In the notopodia of A. cristata the capiHary setas appear to

be arranged in two more or less distinct transverse rows.

This is more obvious in the American than in the Neapolitan

specimens in our collection. The anterior row contains

shorter set^e than the posterior row, those in the former being

about two thirds the length of those in the latter (see PI. 24,

fig. 33), but in other characters they are identical.

The seta3 of A. Claparedii are closely similar to those of

A. marina, but are rather smaller and their barbs more

obvious (fig. 23).

The notopodial seta3 of A. ecaudata and A. Grubii are

identical in form and characters. They are more slender than

those of the three species named above, and taper very

gradually indeed to a long and slender tip. The haiiy pro-

cesses are fewer in number, smaller in size, and more closely

appressed to the shaft of the seta, so that they are much less

obvious than those of the setfe of the three caudate species

(fig. 20).

The length of the largest notopodial setas we have met
with in the different species is as follows :—A. marina (250

mm. long) 7*5 mm., A. Claparedii (95 mm. long) 2*7 mm.,

A. cristata (360 mm. long) 9 mm. (the shorter setje of the

anterior row are 6'4 mm. long in this specimen), A. ecaudata
and A. Grrubii (200 mm. long) 3"8 mm.
The notopodial setae of post-larval stages of A. marina

show several interesting points. The notopodia of a specimen

of A. marina, 3*9 mm. long, bear from four to six setae,

which, on further examination, prove to be of two different

kinds (PI. 23, fig. 12). Some are typical capillary setae,

about '3 mm. long, bearing on their distal fourth minute

hairy processes similar to, but of course smaller than, those of

the adult setae (fig. 12 a).

The other notopodial setfe are quite different, being only

about '17 ram. long, and ending in an exceedingly long fine

point. A little beyond the middle of its length the seta

bears a thin lamina or wing on each side, upon which very



446 F. W. GAMBLE AND J. H. ASHWORTH.

faint oblique striations are occasionally visible (fig. 12 b).

Each notopodial pencil contains only one seta of the latter

kind, accompanied by three, four, or five of the normal

plumose setae (PI. 24, fig. 34).

Mesnil (1897) found these two kinds of setse in the noto-

podia of a small polychrete, which he then identified with

Clymenides sulfureus, Clapar&de. On comparing the

post-larval stages of A. marina in our possession with

Mesnil's descriptions and figures of this polychrete we have

no doubt that his Clymenides is nothing but a post-larval

A. marina, and in a later paper Mesnil (1898) has arrived

at the same conclusion.

The notopodial sette of post-larval specimens of A. ecau-

data are also somewhat difi^erent from those of the adult.

Thus in a specimen 7'2 mm. long they are *25 mm. to '3 mm.

long, and bear a distinct lamina on one side of the distal third

or half of their length. The lamina is divided into two

portions, a short proximal part devoid of hairs, and a longer

distal part, on the greater portion of which distinct hair-like

processes may be seen (fig. 21), while between the two seta

is slightly constricted. Setfe identical with these were

described by Mesnil (1897) from a small polychaete to which

he gave the name Clymenides ecaudatus. On the pub-

lication of MesniFs paper we at once identified his speci-

mens with our post-larval specimens of Arenicola ecaudata

obtained in August, 1896, to which conclusion Mesnil has also

arrived in his later paper (1898).

The most remarkable feature noticeable in the sette of

young specimens of A. ecaudata is one to which Mesnil has

also drawn attention, viz. that a crotchet indistinguishable

from those of the neuropodia occurs in some of the posterior

notopodia alongside the ordinary capilliform sette. In the

posterior portion of a specimen 8 mm. long we find a

crotchet in the notopodium in each of the last six segments

which bear notopodial setae, i. e. in the last formed or young-

est segments (PI. 24, fig. 37). In the last and the last but

two notopodia the crotchet stands alone, but in the others
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it is accompanied by one^ two, or three capillary setse. In

the segments anterior to them the crotchets are confined to

the neuropodia, the notopodia bearing only the capillary

setge described above (p. 445). Mesnil (1897) found a similar

condition in the last six to twelve segments of his specimens

of Clymenidesecaudatus (= Arenicola ecaudata), and

in the last six segments of his C. incertus. In his account

of the development of A. cristata, Wilson (1882) figures

a larva eight days old, which bears five paired groups of

setee, each of which groups contains a single crotchet aloug

with one to four capillary setse. The crotchet is figured,

however, distinctly ventral to the capillary sette, and may
belong to the neuropodium, aa Wilson thought, though the

first three (and sometimes four) segments of the adult to

which these segments of the larva correspond are devoid

of neuropodia. As the single crotchet is present only in

the last formed, i. e. youngest notopodia of A. ecaudata,

and in recently formed segments of A. cristata, it there-

fore appears probable that for some time after its forma-

tion each notopodium bears a crotchet, but very soon the

crotchet is lost, and henceforward the notopodium bears capil-

lary setae only. It is interesting to note in Wilson's figures

of the post-larvffi of A. cristata (1882, PL XXI, figs. 60, 61)

that each notopodium bears one laminated seta similar to

those of the post-larval A. marina described above (p. 445),

accompanied by one, two, or three ordinary capillary setee.

There are other examples of parapodia of polychgetes bearing

both crotchets and capillary sette, e. g. the Capitellidte. In

Notomastus (Eisig, 1887, p. 565) the segments of the

thorax bear laminated capillary setge similar to those described

above in the notopodia of the post-larval Arenicola marina

(p. 445), while the parapodia of the first eighty segments of

the abdomen bear both laminated capilliform setee and
crotchets. In Capitella (Eisig, 1887, pp. 565, 566), also,

laminated setse and crotchets occur together in the same
parapodium of one segment of the thorax. Thus, in young
specimens 1 mm. to 3 mm. long, they are present together in
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the fourth segment; in specimens 3 mm. to 5 mm. long in the

fifth segment; in older specimens 5 mm. to 10 mm. long in

the sixth segment ; and in adult specimens in the seventh

segment.

Neuropodial Chaetse or Crotchets.—The neuropodial

ch^tsSj though exhibiting the same general form throughout

the genus^ show more variation than the capillary setae in

their minor characters^ not only in the different species but

in the same species at different ages ; hence the chaetee of a

given species do not present constant characters. It is,

therefore, difficult to determine by inspection of a given set

of chgetae to which species of Arenicola they belong. Each

crotchet consists of a shaft, generally somewhat curved, bear-

ing at its distal end a beak-like rostrum placed at an angle

to the shaft varying from about 70° to about 150°. There is

generally a slight dilatation of the shaft near the middle of

its length. Near the end of the chgeta immediately behind

the rostrum there are in most specimens two or more minute

pointed teeth, the tips of which are directed towards the tip

of the rostrum, while below the rostrum, at the junction of

the rostrum and shaft, there is often a minute process which

corresponds in position to the more prominent process^ or

tuft of hairs on the crotchets of the Maldanidae.

The rostrum is comparatively short, and its tip is generally

rounded in medium-sized or large specimens, but it is larger

and its tip is sharply pointed in small specimens. The teeth

are also better developed in chastas obtained from young

specimens than in those from older ones.

By careful treatment with warm caustic potash solution

(about 5 per cent.) the entire band of neuropodial chaetee may
be isolated. It may then be seen that the new chaetae are

formed at the ventral end of the series, the rostrum

being first formed, then the teeth, and finally the shaft,

which is at first comparatively short (see figs. 9, 18). The
neuropodia of young specimens contain very few crotchets

1 In the following description the terms teeth aud process will be used

in the same sense as above.
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(see PI. 24, fig. o7), but in old specimens there is a very large

number of crotchets in each neuropodium. Two of the

neuropodia of a large specimen of A. cristata (300 mm.
long) have been treated with caustic potash, and the entire

bands of cheetas isolated. Each band contains 187 fully

formed chgette, and about fifteen others in course of formation

at the ventral end of the series.

A. marina.—Crotchets of post-larval specimens (4"3 mm.
long) are '04 mm. to '05 mm. long, and bear two, or very

occasionally three, sharply marked teeth behind the rostrum,

and also a well-marked process ending in a long fine point

under the rostrum (fig. 8). In older specimens 17 mm. long,

which have assumed the adult characters and mode of life,

the crotchets are '1 mm. to '12 mm. long, and bear two well-

marked teeth but no process (fig. 11). Specimens about

100 mm. long have chgetee which are "4 mm. to "5 mm. long,

each of which bears two or three very small teeth and also a

small process (fig. 10). The crotchets of very large specimens,

especially those of the " Laminarian " variety, may attain a

length of "8 mm. to '85 mm. From the time of their forma-

tion they are devoid of teeth, but bear a small rather blunt

process beneath the rostrum (fig. 9). It is interesting to

note that as the animal grows in size the rostrum of the

crotchet, which in the eai'ly stages is at right angles to the

shaft, in later formed chast^e makes a considerably greater

angle with the shaft, the angle increasing with the age of

the worm from which the chaetse are obtained, so that in a

chaeta from a large worm, e. g. a Laminarian specimen about

250 mm. long, the angle between the rostrum and shaft is

almost 130" (cf. figs. 8—11). Concurrently there is a

reduction in the size of the teeth of successive generations

of chaetaB; so that although in post-larval stages the teeth

are large and comparable to the rostrum in size, they are

entirely absent from the chsetee of very old specimens

(cf. figs. 8, 9).

A. Claparedii.—The crotchets are nearly always strongly

curved, sometimes being bent almost into the form of a
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semicircle (fig, 25). Each bears about five small but clearly

marked and nearly uniform teeth and a minute process

(figs. 24, 25). The chsetaB are slender, and never attain a

very great size, '4 mm. (in a specimen 100 mm. long) being

the extreme length attained in any of our specimens.

A. cristata.—The crotchets of this species, especially of

young specimens, are very similar to those of A. marina,

except that the distal end is broader and more curved on the

side opposite the rostrum. Full-gi*own chsetae from a young

specimen 47*5 mm. in length are '2 mm. to '3 mm. long.

Each bears five or six teeth, the first of which (the one

nearest the rostrum) is the largest, the others gradually

decreasing in size (fig. 15). The same change in the angle

of the rostrum is also seen in this species as the specimens

increase in size. The rostrum of the chaeta described above

makes an angle of about 110° with the shaft. Fig. 16

represents a seta from a specimen 120 mm. long, in which

there are faint indications of three or four teeth, and the

rostrum makes an angle of about 130° with the shaft. An
unworn chseta from a very large specimen (300 mm. long) is

represented in fig. 17. The chseta bears two very small

teeth and a very minute process. This rostrum and the shaft

are nearly in a straight line, the angle between the two

being about 150°. The chtetse of this species are very long,

the full-gi'own ones of the large American specimen (360 mm.
long) reaching '9 mm. in length. The teeth being so small

are very early worn away, so that if the chsetse have been in

use they are entirely devoid of teeth, and then closely

resemble those of the large Laminarian specimens of A.

marina, the only characters distinguishing the two being

the curvature of the back of the chseta of A. cristata

(cf. figs. 9, 17).

A. ecaudata and A. Grubii.—The neuropodial crotchets,

like the notopodial setse, of these two species are so closely

similar that no constant point of difference can be detected.

The shaft of each crotchet bears a moderately long rostrum,

tapering somewhat towards its point, behind which are two
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or three teeth. In older cheetae there is often also a very-

slight process beneath the rostrum (see figs. 18, 22).

The crotchets of a specimen of A. ecaudata 7*2 mm.
long are about '05 mm. long (fig. 19). Each bears a curved,

pointed, beak-like rostrum, placed at right angles to the

shaft of the chaeta, and two lai*ge teeth behind it. In some

specimens there is a short pointed process beneath the

rostrum, but this does not appear to be constant. On com-

paring these chsetae with those of older specimens it will be

seen that the same change takes place in the inclination of

the rostrum to the shaft as is described above in A. marina
and A. cristata (see figs. 18 and 19).

The crotchets of A. ecaudata and of A. Grubii never

attain a very great length ; at any rate, the largest chtetas in

our specimens are only one third of a millimetre in length (in

worms 200 mm. long).

In order that the characters of the chsetas as above

described may be accurately determined, it is necessary to

examine unworn specimens ; especially is this precaution

necessary in the neuropodial chsetee of medium-sized or large

specimens, in which the teeth behind the rostrum, being very

small, are worn away very soon after the chaeta3 come into use.

It is therefoi-e best to examine chaet^ which have not yet

come into use, and this may be readily done. After isolating

the entire band of neuropodial chaetasby theuse of warm caustic

potash solution, thechgetae in the ventral portion of the band
should be examined. Besides the chgetse in course of forma-

tion, one or two fully developed crotchets which have not yet

come into action may be usually seen, and these should be

selected for observation of their characters, since they are

uninjured by wear. Especial care is also required in the case

of the notopodial setae of A. ecaudata and A. Grubii, in

which the hair-like processes are very small and soon worn

away.

VOL. 48, PART 3.—NEW SERIES, I I
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5. Epidermis.

The "cuticle" is well developed in all species of A renicola,

but perhaps most abundantly in A. ecaudata and Grubii.

It is formed by the mucus cells of the epidermis. In

post-larval specimens of the common lugworm the " cuticle
"

forms a distinct gelatinous envelope or tube, which in-

vests the body closely and does not impede the swimming

movements, but appears to bend with each undulation and to

be readily cast off. In post-larval A. cristata the envelope

is described as " small masses of a soft gelatinous substance

in which the animals creep actively about" (Wilson, 1883).

In A. ecaudata at the abranchiate stagfe a similar tube is

formed, and is attached to algae (Fauvel, 1899), but this is dis-

puted by Mesnil. The cells which secrete this covering are

at first confined to certain broad bands which alternate with

non-glandular zones. Rough handling of adult specimens

of A. ecaudata and A. Grubii induces an increased forma-

tion of this mucous secretion, accompanied by a yellow colour-

ing matter which readily stains the hands. There are, in

fact, two kinds of pigment,—a yellow (orin adult A. marina
green) pigment, soluble to some extent in sea water and

especially in alcohol, and probably of lipochrome nature ; and

an insoluble black pigment resembling melanin in its resist-

ance to solution. Both these appear in early post-larvae, to

which they give a characteristic colour. We have not,

however, examined these pigments in detail. In adult

specimens of A. Grubii and A. ecaudata the epidermis is

pi'oduced into ridges and furrows, resulting in the annulation

and areolation of the skin. In the ridges the mucus cells

ai'e abundant, in the furrows they are absent; but in both

positions the long cylindrical epidermal cells are almost filled

with granules of an insoluble brown pigment, which appears

black in the aggregate. Theyextendon to theprostomium, and,

in fact, are present all over the epidermis, though to a less

extent in the nuchal groove than elsewhere. In A. Grubii
masses of this melanin-like pigment are actually found in
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the brain and in the thickness of the body-wall. The appear-

ance of these brown granules is veiy similar to those of the

secretory portion of the nephridia^ but until the micro-

chemistry of each set of granules is known, it is impossible

to do more than suggest that the skin may in Arenicola act

as an excretory organ. In A. marina, A. Claparedii, and

A. cristata the furrows between the annular ridges are free

from pigment, and contain few or no gland cells.

The remaining elements of the epidermis are sensory and

nervous, and are dealt with under their respective sections.

Beneath the epidermis there is a slight connective tissue

which accompanies the nerves, the subdermal extensions of

the coelom, and the superficial capillaries, which (e. g. in

A. marina) may penetrate between the bases of the epidermal

cells.

6. Musculature.

In all species the muscles of the body-wall are similar to

those of A. marina. Immediately beneath the epidermis

there is a layer of circular muscles, and beneath this are the

bands of longitudinal muscle-fibres, which are well developed

in A. Grubii and A. ecaudata.

Each bundle of notopodial set^e is enclosed in a sac, to

the inner end of which are attached (1) a single retractor

muscle strand, which is inserted into the body-wall at the

sides of the nerve-cord
; (2) six to ten protractor muscles,

which are inserted in the sides of the body at the level of

the setal sac.

The musculature of the buccal mass is well developed in

A. Grubii and A. ecaudata, forming an almost complete

sheath round the phai'ynx. The muscles forming* this sheath

arise from the longitudinal layer in the region of the first

diaphragm, and are inserted into the anterior region of the

proboscis. They are not quite so well developed in A.

cristata and A. Claparedii.

The muscular fibres are essentially composed of a central
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protoplasmic medulla and a contractile cortex which stains

more deeply.

The oblique muscles, which divide the body-cavity into

three portions, vary considerably in their development in

the various species. In this respect A. cristata agrees

most closely with A. marina (see dissection of A. cristata,

fig. 30, and compare with that of A. marina, PL 2, fig. 5, of

our former paper, 1898). In this species the oblique muscles

commence behind the third diaphragm, and are present

to the end of the tail. They are usually thin, moderately

broad bands, arising at each side of the nerve-cord, and

inserted right and left into the body-wall at the level of

the setal sacs. They partially cover and bind down the

nephridia.

In A. Clap are dii these muscles are present in the

same region, but are not so well developed, and they bind

down tbe nephridia to a far less extent. They are omitted

from the drawing of the dissection in fig. 26.

Oblique muscles are absent from the anterior portion of

A. ecaudata and A. Grubii, in front of the second or third

gills. Behind this point they are feebly developed, the

muscle bands being very thin and narrow (about j— g mm.

wide), but are present to the end of the body. The absence

of oblique muscle bands in the nephridial region is a most

striking difference between these two and the other three

species of Arenicola. In consequence of this absence of

oblique muscles in these two species, the nephridia with their

nephrostomes, and, in the case of A. ecaudata, the ovarian

processes or spermatic sacs, are clearly visible on opening the

body (PL 25, fig. 45).

7. General Anatomy of the Internal Organs
(figs. 26, 30,44,45).

The general arrangement of the organs, as seen after open-

ing the body-cavity by a dorsal and median incision, is in all

species similar to that of A. marina, except that in i^^^J
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mature A. ecaudata the ovaries or testes are so voluminous

as to conceal the greater part of the nephridia and the

alimentary canal. There are the usual three anterior dia-

phragms placed exactly as in A. marina, the first being

oblique and inserted dorsally, one annulus in front of the first

notopodiura, ventrally just behind the first ueuropodium
;

while the second and third are placed vertically, two annuli

behind the second and third parapodia respectively. From
this point the coelom is uninterrupted by septa for a con-

siderable distance. The septa, in fact, are reduced to

strands of connective tissue binding together the afferent

and efferent vessels which are connected with the nephridia,

and in the '^ marina " section with the anterior gills. This

tissue increases in amount so as to form a complete septum

opposite the last gill of A. Claparedii and A. crista t a, and

regularly between the caudal segments in these forms (figs.

26, 30). In A. ecaudata and A. Grubii the complete

septa commence at the beginning of the branchial region, and

are continued to the end of the body (PI. 25, figs. 44, 45). In

these species also the tissue supporting each of the vessels

going to the nephridia from the ventral vessel may be

regarded as an incomplete septum, since it is expanded peri-

pherally, and inserted partly into the nephridium and partly

into the body-wall in the region of the second groove behind

the chgetigerous annulus—the usual limit of the segments.

The first diaphragm in A. cristata, A. ecaudata, and A.

Grubii is stout, and produced backwards into a pair of long,

finger-shaped, contractile vascular sacs, 5 to 12 mm. long,

which lie at the sides of and slightly ventral to the oesopha-

gus. These diaphragmatic pouches are entirely absent in A.

Claparedii. On opening specimens which are sexually mature
a mass of spermatozoa or ova is often found in connection

with the third diaphragm. The genital products accumulate

either in front of, or more usually belund the diaphragm, and

cause it to become distended, forming a pouch, or often two

pouches or sacs, one on each side of the alimentary canal.

In A. cristata there is, in the tail, a well-marked dorsal
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mesentery, connecting the alimentary canal to the body-wall

(see fig. 30, Mes. D.). In A. Grubii, A. ecaudata, and A.

cristata there are, immediately behind the heart, two small

strands, which look almost like thin nerves, but which are

composed of connective tissue, which arise from the ventral

walls of the stomach, and are inserted into the body-wall on

each side of the nerve-cord (PI. 25, fig. 44). During diges-

tion the stomach is swung to and fro by the movements of the

body, and the function of these strands of connective tissue

is probably to prevent the amplitude of the swing from being

too great, and causing the rupture of some of the delicate

branches of the ventral vessel, the main trunk of which is

attached to and moves with the alimentary canal. It will be

noticed that these strands (see fig. 44, Conn. Tiss.) are placed

at the boundary of the segment.^

8. Alimentary Canal.

The alimentary canal of the four species at present under

consideration varies only in a few details from that of A.

marina. In each there is (1) an eversible buccal mass or

" proboscis," generally pinkish in colour owing to its contained

blood-vessels; (2) an oesophagus, brownish or pinkish in

colour, and often somewhat transversely wrinkled, bearing

glandular pouches just behind the level of the third dia-

phragm
; (3) a gastric region with yellow glandular walls and

numerous blood-vessels, extending from the level of the heart

to about that of the eleventh or twelfth setae (sixteenth in A.

ecaudata) ; and (4) an intestine, generally dark brown or

dark olive-green in colour, extending to the posterior end and

opening at the terminal anus.

The alimentary canal of A. cristata very closely resembles

that of A. marina, the only difference being that in the

former the oesophageal pouches are relatively small. In

A. ecaudata the pharyngeal portion of the alimentary canal

is longer than in A. marina, due to the fact that in the

^ See foot-note ou p. 519 re A. marina.
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former species the anterior achaetous region of the body is

longer. The oesophageal pouches in this species and in A.

Grubii are definitely divided into a globular anterior portion

and a thinner hollow stalk, by which they communicate with

the cavity of the oesophagus (figs. 44, 45). The pouches con-

tain a neutral greenish liquid, but they often have a pink

tinge owing to the large amount of blood contained in their

walls. The intestine of A. Grubii and A. ecaudata is not

drawn out as in A. marina into lateral wings by the septa

of the posterior portion of the animal, but is of almost

uniform diameter throughout (see fig. 44)

.

There is one constant and striking point of difference

between the alimentary canal of A. Claparedii and that of

any other species, viz. the presence of multiple oesophageal

pouches. These are placed in the usual position on the oeso-

phagus, about midway between the third diaphragm and the

heart, and are different in shape from those of any other species.

Sometimes they are little more than hollow papillae about

2 mm. in length ; more usually they are finger-shaped, and

may be even more elongated, almost filiform structures, at-

taining a length of about 10 mm. to 12 mm. They often have

a moniliform appearance (see figs. 26 to 28). In the specimen

drawn in the dissection there are two pouches on each side,

an inner smaller one about 3 mm. long, and an outer one

about 5 mm. long. There are generally, however, three or

four pouches on each side of the oesophagus, and there may
be, as in a specimen from California, fifteen pouches altogether

(fig. 28). The vessels on the intestine are rather differently

arranged in this species (see fig. 26).

The hairy-looking, dark brown, chlorogenous tissue present

in considerable quantity, especially on the ventral vessel in

A. marina (see Gamble and Asliworth, 1898, PL 2, fig, 5), is

present in A. cristata in the posterior half of the gill region,

forming small tufts on the oblique muscle bands. In the

other three species it is either altogether absent or feebly

developed (PI. 26, fig. 54).

The histological features of the various portions of the
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alimentary caual are almost identical with those of A. marina.

The cavity o£ the oesophageal pouches is partially subdivided

by numerous incomplete septa, produced by infolding of

the wall of the pouch. The septa are covered by colum-

nar cells; among which are glandular cells. In each septum

between the epithelial lamellae is a cavity filled with

blood. The gland cells of the stomach are very obvious

in all species. There is a well-marked ventral groove,

commencing about the middle of the stomach, and con-

tinuing backwards to the anus. In the stomach and an-

terior part of the intestine there are, opening into this

groove on each side, oblique grooves which are situated on

the side walls of the alimentary canal, the general direction

of which is downwards and backwards. The cells lining all

these grooves are ciliated, and produce currents towards the

anus.

The anus is not surrounded by processes or by a special

cone-like arrangement as in the Maldanidae, but is merely

bordered by simple papillae.

The exact nature of the food and the mode by which it is

extracted from the sand and debris, and rendered available

for absorption, are problems upon which we can throw little

light. The great abundance of Arenicola wherever the

sand, mud, or gravel contains a large proportion of decom-

posing matter or sewerage, and its absence from long stretches

of coast where the beach is clean sand, show that these

animals feed on decaying animal or vegetable matter.

9. Vascular System (PI. 24, figs. 26,30; PL 25,

figs. 44, 45).

Milne-Edwards (1838) figured and described the chief parts

of the circulatory system of a specimen of A. marina, which,

however, possessed only five pairs of nephridia, the first pair

being absent. His figures, while on the whole correct, are in

error in showing the heart in direct connection with the dorsal

vessel. Cosmovici (1880) has also described and figured the

vascular system of the anterior portion of this species. He



ANATOMY AND CLASSIFICATION OF THE ARENICOLID^. 459

has correctly shown the heart and its relations to the neigh-

bouring vessels, and has also figured the blood-vessels of the

alimentary canal and the nephridia. Jaquet (1886) has

described the vascular system of A. Clap are dii, but through-

out his memoir he refers to this species as A. marina^
although the distinction between these two species had been

pointed out some time before by Levinsen (1883). In our

paper on A. marina (1898)^ we have fully described and
figured the vascular system of this species^ and still more
recently, since our account and figures for the present memoir
were completed, Fauvel (1899) has published a short account

of the circulatory system of A. ecaudata.

The vascular system of A. Grubii (except a figure of the

vessels of a single segment by Claparede, 1868, pi. xix, fig. 2)

and A. cristata has not hitherto been described or figured.

The circulatory system is similar in its general arrange-

ment throughout the Arenicolid^.

The dorsal vessel arises near the anus and runs forwards

on the alimentary canal to the anterior end, where it breaks

up into small vessels and capillaries. It contracts fairly

regularly from behind forwards. In its course forward the

dorsal vessel gives off intestinal vessels, each of which runs

round the intestine and opens into the ventral vessel. In

the gill-bearing region, in A. Grubii and A. ecaudata, the

dorsal vessel receives an efferent vessel from each gill, while

in A. cristata and A. Claparedii (as in A. marina) only

seven pairs of the posterior gills send efferent branches to the
dorsal vessel. Between consecutive efferent branchial vessels

there are two or three pairs of intestinal vessels. From the

point at which the dorsal vessel receives the most anterior

efferent branchial vessel to the oesophageal pouches, the

dorsal vessel receives no segmental vessels, but numerous
branches of the gastric plexus open into it.

The dorsal vessel has no direct communication with the

heart.

In front of the heart the dorsal vessel receives on each
' See foot-note on p. 519.
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side (1) small vessels from the oesophageal pouches (except in

A. Claparedii), (2) vessels from the anterior nephridia (see

figs. 26, 30, 44, 45), (3) on reaching the third diaphragm a

vessel from the third chsetigerous sac and body-wall, and (4)

on reaching the second diaphragm, one from the second

chaetigerous sac and body-wall. The dorsal vessel runs for-

ward, pierces the first diaphragm, and then breaks up into

capillaries, supplying the buccal muscles, prostomium, and

otocysts.

The blood from these parts is collected into capillaries

which unite to form the ventral vessel, which, soon after its

origin, gives off a median vessel to the first diaphragm and,

when present, its pouches : while just behind this, in A.

cristata and A. Claparedii, it gives off a pair of vessels

to the second setal sacs and body-wall. A little further back

it supplies a median branch to the second diaphragm and

nerve-cord, and another to the third diaphragm, the cord and

first nephridium (and in A. Grubii and A. ecaudata a

median vessel to the cord about the level of the first

nephridium). From this point the ventral vessel as it pro-

ceeds backwards supplies the chaetigerous sacs, body-wall,

nephridia, and gills (if present) by large segmentally arranged

branches. The first and second nephridia of A. Grubii and

A. ecaudata do not receive a branch from the ventral vessel.

The difference of opinion which has existed on the subject

of the nature of the blood-supply of the stomach and intestine

appears susceptible of a very simple explanation. The earlier

writers described this supply as a plexus of minute vessels,

later authors as a continuous sinus, only parts of which are

visible between the chlorogogenous areolae. Benham (1893),

however, showed that in the post-larval stage of A. marina

there was a feebly developed plexus, but no sinus, and we

are able to show by the examination of a large number of

specimens of this species, that up to a length of 50 mm., or

even more, the plexus increases, and only here and there

(e.g. in the walls of the oesophageal pouches) fuses to form a

'^ sinus." As the lugworm increases in size this formation of
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sinuses becomes more and more marked, until in specimens

several inches long the stomach may be considered as lying

in a gastric sinus, from which, however, the dorsal vessel is

distinct from the commencement. Presumably during this

sinus formation the endothelial linings of the previously dis-

tinct capillaries unite and fuse, at least we have as good

evidence of their presence in the later as in the earlier stages

of the process.^

The gastric plexus consists, then, at first of a network of

vessels, later on of a sinus.

Two vessels of the plexus which are ventrally situated are

known as the subintestinal vessels. They commence just

behind the heart, and run backwards to the level at which the

first efferent branchial vessel joins the dorsal vessel ; behind

this point they gradually taper and disappear. Each receives,

in A. marina and in A. Claparedii, six vessels, and in A.

cristata four vessels, from the nephridia and gills situated

in segments 7—12 and 7—10 respectively. The subintestinal

vessels are the most ventral part of the gastric plexus, and

they communicate, by means of the ventro-lateral vessels of

the plexus, with the lateral gastric vessel, and so with the

heart. In A. Grubii and A. ecaudata the subintestinal

vessels are small, and receive no vessels from the nephridia

or gills.

The gastric vessel receives blood from the dorsal vessel

and from the subintestinal vessels by means of the branches

of the gastric plexus. It is usually first distinguishable pos-

teriorly about the middle of the length of the stomach, and

becomes more clearly differentiated as it proceeds anteriorly.

It opens into the " auricle," which is a thin-walled expansion,

probably of the gastric vessel. After giving off the lateral

oesophageal vessel the auricle opens into the ventricle, the

walls of which are muscular, and by their contraction drive

the blood into the ventral vessel.

The lateral oesophageal vessel gives off a moderately

' Some authors (Fauvel, 1899) deny the presence of any endothelium, and

state that the gastric sinus exists as such from its formation.
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large branch (not yet traced in A. Claparedii) to the oeso-

phageal pouch, and then runs forwards supplying the lateral

walls of the oesophagus^ breaking up into capillaries near the

second diaphragm. On each side of the nerve-cord there is a

small vessel, which accompanies the cord along the whole

length of the body. In front the neural vessels arise in the

triangular area between the oesophageal nerve connectives by

the union of capillaries from the ventral region of the oto-

cysts. They receive several branches from the ventral vessel

(see above). From these neural vessels small branches are

given off which supply the body-wall in their vicinity.

The vessels of the body-wall are much more highly de-

veloped in A. Grubii and A, ecaudata (and especially in

the former) than in A. marina. There are two chief vessels :

(1) a dorsal longitudinal, or parietal vessel, which runs along

the whole length of the body, except at the extreme anterior

end, at the level of the insertion of the notopodial setae
; (2)

a nephridial longitudinal vessel, which is present only in and

immediately in front of and behind the nephridial region, and
runs just ventral to the level of the nephridiopores. An-
teriorly the parietal vessel is distinguishable just behind the

first setee, and the nephridial vessel immediately behind the

second diaphragm, where the two are united by a transverse

connection (PI. 25, fig. 44). The two vessels run parallel to

each other through the nephridial region, but behind this the

nephridial vessel gradually decreases in size, and in the

anterior part of the gill region (about the level of the second

or third gill) disappears entirely. The dorsal longitudinal,

or parietal vessel receives blood chiefly from the afferent

nephridial vessels. These arise from the ventral, vessel, and

on approaching the nephridium bifurcate, one branch passing

to this organ and the other going to the parietal vessel. An-

teriorly the parietal vessel on each side is connected to the

dorsal vessel by the branch which supplies the first nephridium.

The second nephridium is supplied with blood by a small

branch from the parietal vessel. In A. Grubii the afferent

vessels situated in the three segments following the last
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nephridial segment bifurcate near the body-wall, each sending

one branch to the parietal and the other to the nephi'idial

vessel (see fig. 44). A further account of the relation of

these vessels to the nephridia is given in the section on

nephridia (p. 517).

In A. marina and A. cristata there is a well-marked

parietal vessel, which runs from the region of the first seta

almost to the posterior end of the body, but the nephridial

vessel is small and difficult to trace. We have not been able

to follow these vessels in A. Claparedii, of which we have only

spirit specimens at our disposal. Judging from sections of

this species, both the parietal and nephridial vessels are very

feebly developed.

The hearts are a pair of contractile bulbs connecting the

gastric and ventral vessels. There is a considerable differ-

ence in the size of this organ in the various species. In A.

marina and A. cristata (fig. 30) the heart is a large organ,

the ventricle especially being capable of great dilatation. In

A. Grubii and A. ecaudata it is small even at the moment
of diastole (see figs. 44, 45), while at the close of systole it is

little more than a rhomboidal enlai-gement at the junction of

gastric and lateral oesophageal vessels. In A. Grubii and A.

ecaudata, even more so than in A. marina, the vascular

system clearly indicates the true segmentation of the body.

An inspection of the drawing of the dissection of A. Grubii

(PI. 25, fig. 44) will show tliis point at once.

The blood-corpuscles of all the species are very much alike.

They are minute nucleated, rounded, or ellipsoidal cells from

5ju to 10 fx in length (fig. 40), and in comparison with the

complexity of the vascular system and the large quantity of

blood are very sparsely scattered. Their mode of origin is

unknown.

The He art- body.—The structure of the heart-body re-

quires separate consideration. Though absent in A. Clapa-

redii and A. cristata, this organ is well developed in the re-

maining species. In post-larval and young specimens of A.

marina the heart contains no trace of this body, but it has ap-
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peared in examples measuring 65 mm. in length. At this stage

of growth, the wall of the heart consists of an outer peritoneal

cubical epithelium and an inner but indistinct endothelium.

Between these two layers it is not possible to detect any mus-

cular tissue. The cavity of the heart is, however, invaded by

strands of cells which repeat the structure of the heart wall,

and are probably invagiuations of it. In A. Grubii the in-

vagination is clearly marked (figs. 38, 39). Later on, as the

muscular tissue develops in the wall of the heart, fresh

invaginations occur, composed of an extremely delicate en-

dothelium, a muscular layer, and a mass of cells, some

granular, some glandular, forming a fairly definite lining to

the invagination, but projecting at their free ends into an

irregular lumen (PI. 25, figs. 41—43), partially blocked up

by cells within which yellowish or yellowish-brown granules

may be seen. The cells cannot, however, be said to form a

medullary layer. In some places the granules are larger,

and united into a spherical mass lying in a vacuole ; in

others very minute and scattered (fig. 43). They agree

in appearance with the chlorogogen granules of the peri-

toneum.

In A. Grubii, 140 mm. long, the first traces of the heart-

body are found as a few short and apparently solid ingrowths

of the muscular and peritoneal layers of the heart wall (fig.

38). These ingrowths occur on the posterior (and to some

extent outer) surface of the heart, where the muscular layer is

specially developed ; elsewhere it is indistinct. The granular

chlorogogenous bodies are in this way carried into the cavity

of the heart. A distinct endothelium forming the outer wall

of the process can in some cases be detected with certainty

(fig. 41). Within this there was a muscular layer, while the

centre of the process is formed by somewhat cubical peri-

toneal cells arranged in a netwoi'k rather than as a distinct

cortex, and between them muscular fibres are occasionally

seen (figs. 41—43). The outlines of the more centrally

placed cells are somewhat difiicult to make out. Within

these cells fine yellowish-brown granules occur, the larger
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ones heaped together as in A. marina. In addition to these

there are colourless vacuolated and granular cells.

In older specimens (200 mm. long) the number of ingrowths

from the posterior wall of the heart has increased. A few

are also developed from the opposite wall, and in these the

neck of the involution is hollow, showing the nature of the

ingrowth, involving, as it does, the entire thickness of the

wall of the heart, and a virtual extension of the coelom into

the processes (PL 25, fig. 42).

In A. ecaudata the appearance of the heart-body is very

similar to that of A. Grubii. It is not present in post-

larvas (7*2 and 9*5 mm. long), but in worms 120 and 150 mm.
long it is well developed. In places the outer wall appears

to consist of an endothelium, then follows the muscular layer,

and finally the peritoneal cubical cells, which form an irre-

gular outer layer, within which are scattered granular and

glandular cells, the former Avith the usual yellow chloro-

gogenous bodies.

The suggestion, first made by Eisig (1887), as to the

nature of the heart-body, and lately confirmed for Cirratulidae

by Picton (1898), namely, that this body is a modified

portion of the peritoneal tissue, receives further support

from these observations on Arenicola, but it is necessary

to discuss this conclusion more fully.

In Terebellids and Cirratulids, Picton (1898) came to the

following results. The heart-body is developed by an invo-

lution of the anterior end of the dorsal vessel on its under

surface, and first makes its appearance in Terebellid larvae

1"5 cm. in length. Probably by proliferation of the ingrowth

the body increases in extent, and a secondai'y lumen appears

in its later strands. In the adult " the organ is enclosed in

an endothelium, within which cortex and medulla, seen, e. g.,

in Audouinia, are not distinguishable, but the elongated

cells of which the structure is composed form a sort of

network, radiating out from the central axis. There is no

great lumen, but numerous intercellular spaces appear. The

pigment granules are of a greenish-yellow colour, and each
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is usually surrounded by a vacuole " (Picton, 1898, p.

289).

This quotation is applicable word for word to tlie structure

of the lieart-body of Arenicola Grubii, so that in this

respect and also in its mode of origin the heart-body,

although absent in A. cristata and A. Claparedii, shows a

close agreement witli certain Terebellids (Lanice conch i-

lega, Polymnia nebulosa). Only in its point of origin

does it diifer conspicuously from all other Polychgetes, in

which it is always unpaired and usually in the dorsal vessel/

whilst in Arenicola it is formed in each of the paired

contractile " hearts " which unite the gastric plexus or sinus

and the ventral vessel. There is, of course, no a priori

reason why an involution, followed by proliferation and

resulting in a "heart-body," should not occur on any of the

larger vessels, unless its occurrence is determined by some

mechanical function which it may subserve. Now in

Ampharetidae (Fauvel [1897] ), Terebellids, and Cirratulidae,

a short dorsal vessel arises from the gastric sinus, and ends

by giving off pairs of branchial vessels, and both Picton and

Fauvel have concluded by direct observation that the heart-

body ensures the whole of the blood at each systole passing

on to the gills. In Arenicola, however, its function cannot

be thus explained. There is no cardiac body in the dorsal

or ventral vessel in the branchial region or on any part of

their course, but only on the vessel connecting on each side

the gastric plexus and the ventral vessel. The heart-body,

in fact, appears to be a means of preventing regurgitation of

the blood into the gastric plexus after systole, and of ensuring

its passage into the ventral vessel. Whether, in addition, it

performs important excretory functions can only be decided

when more data shall have been collected on the nature of

the substances collectively termed chloragogen.

' In Pectinaria Clapaiede and Wiren have described a cardiac body in

the ventral vessel.
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10. Coelom.

Thecceloraof A. marina and A., cristata is very spacious,

that of A. Clap are clii moderately so, but in A. Grubii and

A. ecaudata it is comparatively small. As in A. marina
the middle region of the body is devoid of septa, but, as

noticed above, there are structures in A. Grubii which may

be regarded as rudimentary septa, viz. the thin sheet of con-

nective tissue which supports the afferent nephridial vessel

on its course from the ventral vessel to the nephridium (PI.

26, figs. 53, 54). In all species there are in the posterior

region of the animal septa only incomplete ventrally.

In the fresh condition A. Grubii and A. ecaudata show

the peristaltic waves which pass along the body from behind

forwards even better than A. marina. As pointed out in

our account of A. marina (1898) this peristaltic motion is of

considerable importance in promoting the efficient circulation

of fluid in the coelom; in inflating the anterior portion, thus

aiding in burrowing ; in assisting the gut muscles to cause

the backward motion of the sand in the alimentary canal

;

and in assisting defeecation.

The coelomic fluid of all species resembles that of A.

marina. It contains coelomic cells and reproductive pro-

ducts. Coelomic cells are tolerably abundant in all species, and

consist of fusiform cells about 40 ju in length, and smaller

more spherical or amoeboid cells. On the coagulation of the

ccBlomic fluid, which occurs very soon after its exposure to

the air, the fusiform cells and to a less extent the amoeboid

cells unite with the fibrous network which is formed during

coagulation to form a clot. Fusiform cells are fewest in our

specimens of A. cristata, and most abundant in A. Grubii.

Instead of floating freely in the coelom, a great proportion

of the gonads present in the coelomic fluid accumulate in

the space between the oblique muscles and the body-wall.

In A. Grubii and A. ecaudata they accumulate in the

posterior region of the body, well behind the nephridia.

'I'he coelom is lined throughout by a layer of flattened

VOL. 43, PART 3.—NEW SERIES. K K
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endothelial cells^^ which apparently arise from the same

embryonic tissue from which the longitudinal muscles are

developed. The material at our disposal is, however, not

young enough to enable us to trace the details of the process.

11. Nervous System.

Methods.— Examination of the fresh nerve-cord of

Arenicola is not of great use (except for the study of the

''giant-fibres") on account of the pigment and blood-

capillaries. We have tried a number of the modern methods

for determining the course of the nerve-fibres and the

histology of the cellular and fibrous parts of the cord, and

the results of these trials are given below.

Numerous attempts to obtain staining of the elements

(particularly the giant-fibres and giant-cells) of the cord

by methylene blue were ineffectual. The same process

applied to Nereis or Polynoe resulted in a selective

staining, which at the present time, fourteen months after

the colour was fixed by Bethels ammonium molybdate method,

is as sharp as it was when the preparations were first made.

But though we tried three species of Arenicola and varied

the process in several ways only a very few preparations

were at all successful, and in none of these could we trace

the origin of the giant-fibres from cells of the cord or brain.

Impregnation by Golgi's rapid method was given a trial,

but, as other workers have discovered, this method rarely

gives satisfactory results with marine objects. Most of our

observations are based on sections fixed with the corrosive-

acetic mixture and stained with iron-li£ematoxylin, but for

comparison with Apathy's (1897) results, we have employed

the hsematein stain 1 a of this author (the details of the

recipe are given in the treatise 1897, pp. 715-16). For

differentiating the giant-fibres and other stout tracts, vom

Rath's picro-osmic-acetic mixture was tried, since both Lewis

1 The appearances presented by this endothelium from diiftrent parts of

the coelom have been figured and described in Arenicola marina by

Viallanes (' Ann. Sci. Nat.,' ser. 6, vol. xx, 1886).
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(1898) and Hamaker (1898) have obtained good results on

Polychaetes by its use. The cord after fixation and washing

was treated with pyrob'gneous acid or with pyrogallol until

quite blackened. It was then hardened and cut, but the

results were inferior to those obtained by fixing with the

corrosive-acetic mixture and subsequent staining by one of

the haematoxylin solutions.

There are the usual components of the nervous system in

Arenicola, the "brain/' the circumoesophageal connectives,

the stomogastric system, the ventral cord, and the peripheral

nerves. Professor Ehlers (1893) has described the general

form of the brain in A. marina, A. Claparedii, and A.

Grubii; and Retzius (1891) has figured one or two examples

of the nerve elements stained with methylene blue, but thei'e

has been very little work published on the minute histology

of the nervous system. We propose in this section to go

rather more into the detail of this subject than we have done

in the other organs.

I. The "Brain" (PI. 27).

As with so many organs, the structure and form of the brain

follow one modification in the ''mar in a" section of the genus,

another in A. ecaudata and A. Grubii. Both, however,

belong to the same plan, and thanks to the comparative work

byRacovitza, Retzius, and others, it is now possible to regard

this plan of cerebral structure as common to all Polychfetes,

although there is still much difference of opinion as to the

relative importance of many structural details. According to

Racovitza (1896) this common plan may be considei'(>d to be

composed (1) of a pair of anterior lobes connected with the

epidermis at the point of origin of the median or paired

prostomial palps
; (2) of a median or secondarily subdivided

middle region connected with the upper surface, of the pros-

tomium, and the sense-organs (eyes) borne on that surface;

(3) a pair of postero-dorsal lobes continuous with the epi-

dermal invaginations which form the ciliated grooves or

nuchal organs. According to this view the brain is regarded
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as having been formed exclusively by the fusion of sensory

areas which at first were simply modified portions of the

prostomial epidermis^ and which in all Polychgetes develop in

connection with it, while in some the connection is retained

throughout life.

These sensory lobes, however, do not constitute the entire

brain even of such forms as Arenicola. In addition there

are tracts arising from groups of cells in the brain which

traverse the connectives round the oesophagus and extend

into the cord, and may even terminate peripherally. Although

we know comparatively little of the course of these fibres,

the cells from which they spring must be included in any

complete explanation of the origin of the brain. Racovitza,

however, takes no cognizance of them, and in this respect his

explanation of the brain of Polychfetes is incomplete, and

his fundamental plan incomplete also. Yet in spite of this

the plan is one with which the brain of Arenicola may be

usefully compared.

In the "marina" section there are two pairs of lobes, an-

terior and posterior, connected by an intermediate region

which partakes histologically of the characters of both. The

anterior lobes are specially related to the front end of the

prostomium, and the oesophageal connectives are given off

from them. The posterior lobes are as closely connected

with the ciliated groove or nuchal organ. The intermediate

region supplies the upper surface of the prostomium.

In the two species, A. ecaudata and A. Grubii, this differ-

entiation is absent. The brain is commissural in form, and

merely unites the ends of the oesophageal connectives. Some-

times a posterior expansion underlies the ciliated groove, but

as a rule this is supplied by several of the branches, which

are rather cerebral nerves than lobes. This simplification of

brain structure, as Racovitza has pointed out, corresponds with

the simpler character of the prostomium in these species.

The brain of young specimens (50 to 75 mm. long) of

A. marina is pyriform, the broader end being anterior. It

might, however, be more correctly described as roughly
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T-shaped. It is hollowed out by coelomic spaces accom-

panied by blood-capillaries. Externally it is in close contact

with the epidermis by means of its ganglionic layer, which is

about equal in thickness to the extremely delicate neuropile

forming its inner fibrous portion.

In A. Claparedii and in young specimens of A. marina
the intimate structure of the brain is very similar. The
anterior lobes are separated from each other ventrally by a

coelomic space. At a higher level they become almost con-

tinuous, but until the superficial ganglion cells are reached

there is a narrow slit continued between the lobes. At their

hinder end these lobes are connected by a band of transverse

fibres which form a commissure. It is not, however, possible

to delimit them exactly, for they are continued into a pair of

narrowed longitudinal tracts (continuous dorsally with the

anterior lobes by a common covering of ganglion cells).

These pass downwards to the margin of the ciliated groove,

and then come into contact with a pair of posterior lobes

specially related to these sensory organs (PI. 27, fig. 63).

The anterior lobes are composed of at least two kinds of

ganglion cells: (1) large unipolar elements •01 6 mm. in

diameter, the nuclei of which have one distinct nucleolus

and contain very little chromatin; (2) small cells ("08 mm.)
with nuclei rich in chromatin, and with no distinct nucleolus.

The distinction, in fact, appears to be exactly the same as that

which holds good for the two chief kinds of ganglion cells of

the oesophageal connectives and of the ventral cord. Both

these kinds of ceils occur in the intermediate region, but in

the posterior lobe the second kind are alone present, or at

least they preponderate.

The fibrous part of the brain is composed of an extremely

fine neuropile, and, in the anterior lobes, of tracts passing

from groups of ganglion cells into the connectives. There is

•but little neuroglial tissue, and the neurilemma forms a

delicate membrane on the ventral and anterior surface of

the brain, and sends processes dorsally which divide in the

neuropile.
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The brain of A. cristata is composed of the same elements

as that of the two species just described. It is, however,

somewhat shorter, the anterior and posterior lobes are more

approximated, and the intermediate region correspondingly

reduced.

In A. ecaudata and A. Grrubii the brain is wide from

side to side, and narrow from before backwards. The layer

of ganglion cells on its upper surface is produced into short

blunt processes, with intervening ccelomic and vascular

spaces. It contains the same two chief kinds of elements as

in A. marina, but the neuroglia is much more strongly

developed, and consists of multipolar cells lying in the fibrous

part of the brain, and sending processes in all directions.

The neuropile, especially in the brain of A. Grubii, is not

so fine as in, e. g., A. Claparedii.

The ganglionic layer of the brain in all species is in contact

with the epidermis of the prostomium. In the "marina"
section this occurs along the entire dorsal surface; in the

^'ecaudata" section it is affected by the ganglionic out-

growths, and is not so intimate. In this respect and in histo-

logical structure the brain of the latter section of the genus

Arenicola resembles that of Clymene (Maldanidae) as de-

scribed by Eacovitza; that of the former is more closely similar,

however, to the brain of Mastobranchus (Capitellidse).

Cerebral Nerves.—The anterior brain lobes, in addition

to the oesophageal commissures, give off nerves to the anterior

end of the prostomium, to the upper lip, and the eversible

buccal mass. The latter are probably connected with the

oesophageal and gastric plexuses. lu A. ecaudata and

A. Grubii, as was mentioned above (p. 470), the ciliated

grooves are generally supplied by several nerves arising

from the simple commissural brain.

The Growth of the Brain.—The changes which take

place in the arrangement of the nervous elements of the

brain during the life of Polycheetes, and especially those which

occur up to the attainment of the adult characters, have

hitherto scarcely been investigated at all. Nevertheless even
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the rough method of sections shows that many obvious changes

are at work to which we are unable (in the case of Arenicola
marina at least) to fix an age limit. The brain of the oldest

specimens exhibits additional changes from those of slightly

younger and smaller examples^ although in this respect the

species of Arenicola differ ; for the limit of growth, aud with

it the definitive arrangement of the brain-elements, appear to

be reached sooner in A. ec an data, A. Grubii, and A.

Claparedii than in A. cristata or A. marina. Indeed, in

the two latter, growth in the length and bulk of the body

seems to be coterminous with the life of the individual.

The changes occurring in the brain of A. tnariua (in

which we have examined a larger series of stages than in

the case of the remaining forms) are of two kinds : first, an

increase in the number of elements, involving a growth of the

brain in the later as well as in the earlier and post-larval

stages ; and second, a differentiation of the form and arrange-

ment of the ganglionic centres and the fibrous tracts.

In a post-larva 4*5 mm. long the brain is '11 mm. long,

•065 to "7 wide, '02 to "03 deep; while in a specimen
7"5 mm. long the brain has almost exactly twice these

dimensions.^

Again, a lugworm 17*5 mm. in length, i. e. rather more
than twice as long as the latter and four times the length of

the first, has a brain of correspondingly greater dimensions.

Beyond this point the rate of increase of the brain is much
slower, but the limit is scarcely reached ("9 mm, long) when
the animal attains a length of ten inches, for still larger

specimens, fourteen and fifteen inches long, have a slightly

larger brain, 1 mm. (see the table giving dimensions of the

brain and nerve-cord in specimens of different body-lengths).

• The measurements taken from preserved material are probably somewhat
less tlian the actual ones, on account of the contraction of the coelomic spaces,

wiiich to a certain extent distend the brain in the livin? animal.
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Table showing the dimensions of the Brain and Ventral

Nerve-cord at different stages of growth of the species

of Arenicola. Measurements in millimetres.
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The second series of changes in the brain involve the for-

mation of ganglionic outgrowths on the dorsal surface of the

anterior lobes, the segregation of large cells ('04 mm. in

greatest length) into centres, from which definite fibrous

tracts arise and pass into the oesophageal connectives, and

also into other parts of the brain. Separation of the smaller

kind of ganglion cells into discrete masses also takes place.

The neuroglia develops rapidly, and the fibrous part of the

brain assumes a much more complicated structure.

These are no doubt only the most gross of a long and im-

portant series of steps in the gradual differentiation of the

brain. In the post-larval stages, the ganglionic covering and

the delicate, almost homogeneous fibrous I'egion show no

separation into centres and tracts, nor even a clear division

into differently constituted elements. In lugworms 60 mm.
long, at least two kinds of elements are distinct, but the cover-

ing of ganglion cells is uniform and scarcely subdivided. The
neuroglia is but slight in amount, the fibrous material still

neuropilarin aspect. Specimens of 150 mm. in length (mature

examples of the 'Mittoral" variety) exhibit all the changes

we have just indicated above, but they are even better marked
in still larger individuals (250 mm.).

Both series of changes occur in the other species of

Arenicola. In A. ecaudata and A. Grrubii the subdivision

of the primitively uniform ganglionic covering occurs some-

what earlier than in A. marina, and there are indications of

segregations of large pyriform and of smaller cells to form the

centres of tracts to different parts of the brain, and from the

brain to the connectives. In a specimen (26 mm. long) of A.

Clap are dii (which, however, is quite a young one and not

by any means mature) the brain resembles in form and

structure that of an individual of A. marina 50 to 60 mm.
long. In spite of the more strongly developed prostomium in

A. Claparedii the brain does not appear so complex as in

the common lugworm, and this is probably due to the fact

that the brain is in intimate contact with the prostomial epi-

thelium through its dorsal ganglion cells, and not by special
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nerve tracts, while the comparatively small size attained by

A. Claparedii may account for the lack of demarcation of

regions which is such a noteworthy character in the brain of

large specimens of A. marina. '

These considerations raise the question of the real nature

of the so-called brain in these forms. No doubt it is essen-

tially a centre for afferent impulses received from the sensory

prostominm and prostomial sense-organs, as well as from the

nerves of the buccal papillte, of the lining of the buccal mass

and possibly from the gastric plexus further back still. But

in addition to this, at least one pair (and probably more) of

efferent centres^ are found in it, and it is probable that from

these efferent impulses travel doAvn the connectives by certain

tracts to the nerve-cord. Compared with the arthropod

brain, however, the development of these tracts binding

the different parts of the brain together, and connecting the

brain through the cord with peripheral endings, must be con-

sidered in Arenicola and Polycheetes generally as but slight.

Still there are indications of them, and future investigation

will have to discover bow far the impulses derived from the

prostomiura and buccal sense-endings are followed by effer-

ent impulses affecting the muscular glandular tissues ; what

is the course taken by the reflex action, and also what

reflexes are possible in the absence, or apart from the control,

of the brain. The few physiological observations which

have hitherto been made on Polychfetes .scarcely afford

ground for conclusions on this subject. In Crustacea, how-

evei*, some recent and very suggestive I'esults have been ob-

tained by Bethe, which have a distinct bearing on the problem

of the significance of neuropile in initiating efferent impulses.

Since it is in the brain of Arenicola, and also, according to

Hamaker (1898), in that of Nereis, that neuropile is chiefly

present, Bethe's experiments may throw some light on the

function of the Polychsete brain.

Bethe's experiments (1898i) were carried out on crabs.

' The paired masses of large pyriform ganglion cells placed near the middle

line of the anterior cerebral lobe (p. 475).



ANATOMY AND CLASSIFICATION OF THE ARENICOLTD^*]. 477

After completely i^emoving every ganglion-cell from which

the motor fibres of the second antenna arise (as shown by the

methylene blue method), Bethe still obtained movement of the

antenna on stimulation for two days after the operation, but

the response became weaker and weaker, and after this

interval no reflex action could be induced. This, he suggests,

is due to the loss of the normal trophic action of the ganglion

cells which were removed; while the efferent impulse is due,

not, as is generally thought, to the motor ganglion-cells, but

to the neuropile which connects the end of the afferent fibre

with the commencement of the efferent one. The ganglion

cells are, then, nutritive, and the reflex action can go on for

some time when they have been removed so long as this

operation is effected without injuring the neui-opile to which

they are connected. Slight injury to the neuropile, however,

causes a most serious loss of the power of response to stimu-

lation. According to this important experiment, of which we
have given the merest outline, the series of changes by which

an afferent impulse sets up an efferent one, and so determines

the character of, e. g., a muscular contraction, takes place in

the neuropile which connects the recipient fibre from the

surface and the motor fibre to the muscle; while the ganglion

cells which are intercalated in the path from one fibre to the

other exert an important nutritive influence on the reflex

mechanism, but cannot be stated to be essential to the reflex

act.

This experiment certainly suggests that the greater develop-

ment of neuropile in the brain than in the cord of Arenicola
(and other Polychaetes) may confer upon the brain the power
not only of receiving afferent impulses from the prostomial

and buccal sense-organs, but also of converting these into

efferent ones, which may issue as movements of the somatic

or splanchnic musculature as an increased glandular secretion,

and in other ways. To determine how fur this is the case,

and along what tracts these efferent impulses are carried out,

will be the work of future investigation.
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II, CEsophageal Connectives.

In the "marina" section of Are nicola the connectives are

slender. They spring from the ventro-lateral angles of the

anterior lobes of the brain, which at this level are widely

separated by a coelomic space. In the ecaudata section,

however, the brain is so short and broad that it passes almost

insensibly at its outer ends into the connectives.

The farther course of the connectives is marked externally

by the "metastomial" grooves. In A. marina these grooves

are sometimes quite distinct, especially in living specimens,

in others they are faint and sometimes invisible. In A.

Claparedii they attain their maximum development (PI. 27,

fig. 62), and may be traced as oblique grooves on the body,

commencing on each side at the nuchal organ, where they are

deepest. They unite in the mid-ventral line on the third

annulus. In A. cristata they are absent, while they are

rather faintly indicated in A. ecaudata and Grubii.

The connectives lie just to the inner side of the epidermis

lining these grooves, and they unite in front of the first

chsetigerous annulus. The exact position of their point of

union—the beginning of the ventral cord—occurs just an-

terior to the annulus in front of the first parapodium.

In the post-larval stages of A. marina the union of the

connectives occurs in an annulus, dorsally possessing the

vestigial chffita seen by Benham, and belonging to the first

segment following the peristomium. Counting the peri-

stomium as a segment, this would place the origin of the cord

in the second segment, one annulus in front of the first

chaetigerous segment of the adult; and the same applies to A.

Claparedii. In A. cristata the union of the connectives

occurs even further forwards. At first they are slender, and

arise from the anterior end of the brain, which is here not

distinctly lobed, though distinctly subdivided into right and

left portions. From this point they run almost vertically

downwards and slightly outwards, but do not lie close to the

epidermis.
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In the "ecaudata^' section the commissures are much
stouter. They run downwards on each side of the mouth

and then backwards, uniting at a distance of two annuli from

the first parapodium, so that in all species of Arenicola the

origin of the ventral nerve-cord lies in the second segment

of the body.

Branches.—The connectives give rise to nerves (1) to the

skin at the level of the interannular grooves through which they

pass
; (2) to the otocyst; (3) to the ventral half of the buccal

mass. The last nerve constitutes part of the stomogastric

system, or, more correctly, it is probably united at the end of

the eversible buccal region to the stomogastric system. The

nerve to the otocyst deserves a separate description. It is

•2 mm. long, and is given off just opposite its otocyst, to which

it runs upwards and inwards. Its chief peculiarity lies in the

rich collection of ganglion cells, both at the point of origin of

the nerve and along the greater part of its course. They are

of two kinds. One, large, pyriform, measures "008 mm. in

breadth and '016 in length. Their nuclei are "007 mm. in

diameter, and have a vesicular nucleus and a distinct nucle-

olus. The other kind of cell is smaller, of undetermined

shape, and a nucleus '004 mm. diameter. The former occur

chiefly on the outer side of the nerve, and do not reach the

otocyst itself. The latter are more abundant, and are packed

away between the larger cells and occur on the nerve right

up to the base of the otocyst.

This ganglionation of the otocyst nerve is, however, only

an expansion of a local thickening of the connectives which

underlie the nerve to the body-wall, and this, again, is an en-

largement of the continuous ganglionic covering which in-

vests the inner side of the connective along its entire length
;

but the great development of their ganglion cells in the nerve

to the otocyst is peculiai', and not met with in any other

peripheral nerves,—at least, not to the same degree.
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Ill, Ventral Nerve-cord,

The position of the cord in the body varies in different

species and in different parts of the body of the same species.

In Arenicola Grubii and A, ecaudata the cord is coe-

lomic throughout. In A, Claparedii itis epithelial, or only

covered externally by circular muscles, while its ganglion

cells lie practically in the epidermis. In A, marina and A.

cristata the cord is epithelial in the tail, but is coelomic in

position in the branchial and anterior regions. This varia-

tion is exactly parallel to the varying position of the cord

in Capitellids, with wliich the Arenicolidfe also agree in the

structure of their cord.

There are no signs of a segmentation or ganglionated

arrangement of the elements, except the presence of the

" giant-cells " at intervals corresponding to the segments.

Around these giant-cells there are rather more ganglion cells

of the larger type than elsewhere, but this cannot be said

to constitute a ganglionic segmentation. Ganglion cells, in

fact, occur along the whole length of the ventral and lateral

surfaces of the cord, and this continuous covering is only

interrupted by the exit of the spinal nerves.

When the cord has a coelomic position (as in A, Grubii),

it is attached by its lower angles and under surface to the

longitudinal muscles which are inserted partly into the

neurilemma covering, and partly beneath this into the sheath

of the more ventrally placed ganglion cells. The vascular

supply is poor, and except for a superficial collection of

capillaries there are few traces of blood-vessels in the truly

nervous structures of the cord.

In transverse sections the cord exhibits the usual arrange-

ment of a ventral cellular and a dorsal fibrous portion. There

is a marked development of neuroglia, as a sheet of tissue in

a vertical plane separating the right portion of the cord from

the left. This sheet of neuroglia is continuous with a net-

work of the same tissue which invests the ganglionic layer.

The neurilemma forms a stout, deeply staining, laminate.



ANATOMY AND CLASSIFICATION OF THE ARENICOLID^. 481

sheatli for tlie whole cord. Here and there it penetrates

deeply into the fibrous region, which it subdivides into

areas. In A. Claparedii it is very feebly developed, and

practically replaced by muscle-fibres of the circular series.

The neuroglia is composed of delicate nucleated cells,

and of fibrillce which invest the nervous elements. The

structure of this tissue is more fully dealt with in connec-

tion with the giant-cells (p. 486). In horizontal sections it

forms a number of deeply-staining fibrillse which run longi-

tudinally between the two lateral masses of ganglion cells,

and fills up the spaces between these and the giant-cells.

The resemblance between these longitudinal glia-fibrillse

and the neuro-fibrillar processes of the true ganglion cells is

at first sight, in many preparations, a very close one, but

the relation of the fibrillae to the cells (ia the case of neuro-

glia forming sheaths, while the neurofibrillse enter the sub-

stance of the ganglion cells through their process) enables

one to distinguish them.

Ganglionic Covering.—The majority of ganglion cells

in the nerve-cord of Arenicola Grubii are unipolar, and

are collected into two lateral masses, which at the point of

emergence of a spinal nerve become subdivided into four

—

two median and two lateral. The largest of the ordinary

ganglion cells are placed near the " giant-cells," and in

most cases their fibrillar processes divide, one part going

outwards as a constituent of a nerve and the other breaking

up in the fibrous part of the cord. It is difficult to ascertain

the detailed structure of these ganglion cells, since even the

larger ones only attain a diameter of '02 mm. ; but a distinc-

tion may certainly be drawn between these larger cells and

the more laterally placed smaller cells ('008— "01 mm.), on

account of the constant difference of their nuclei. The

nuclei of the larger pyriform cells measure "012 mm. in

diameter, and are clear vesicles with one large (and some-

times one small) nucleolus, but with a very slight development

of chromatin network. The cell-body is composed of a more

deeply staining central region and a peripheral alveolar zone.
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The nucleus is placed near the broader end of the cell, while

from the narrow end the single process arises, and within

this a few stout neuro-fibrillae can often be seen pursuing a

characteristically sinnous course into the fibrous part of the

cord. The smaller ganglion cells are placed more laterally.

Their shape is very difficult to determine, and we are not

sure whether they possess more than one process. The

nucleus measures *004 mm., and has a well-marked chromatin

network with a very small nucleolus.

Fibrous Part of the Nerve cord.—Except in the

dorsal region under the giant-fibres, the two fibrous tracts

of the cord are separated by a vertical sheet of neuroglial

tissue embedded in a transparent matrix. In ti-ansverse

section they do not present the same appearance in all

regions nor in all pai-ts of a segment. Posteriorly they are

much more extensively invaded by branched processes of the

neurilemma, which is only slightly developed in the branchial

region ; and at the origin of the spinal nerves the processes

of the two central masses of ganglion cells give the section

at this point a more strongly fibrous aspect than in the

intei-mediate zones.

The methods we have chiefly employed are not adapted

for a successful study of the difficult subject of neuropile.

Yet we may say that the characteristic appearance of this

tissue is almost absent from the nerve-cord, while it is well

shown in the brain. The nerve-fibres themselves, though

surrounded by an intricate neuroglia investment, do not stain,

or at most show faint indications of fibrillas.

Spinal Nerves.'—A pair of nerves arise from the cord

opposite each interannular groove, along which they run

upwards and supply the body-wall. Opposite each chasti-

gerous annnlus, however, there are from two to four pairs of

nerves. Each nerve consists of a stout band of fibres which

pierces the ganglionic layer at the outer angles of the cord,

and then runs outwards between the circular and longitudinal

layers of muscle, each of which it supplies. In several cases

» See PI. 29,11^.78.
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we have been able to trace a process of tlie lateral ^' giant-

fibres " into the spinal nerves (p. 491) , but this does not occur,

so far as we ascertained, in the case of every pair of nerves.

This process is generally distinguishable from the other fibres

by its sheath and delicately fibrillar contents.

In addition to the motor and sensory fibres, the nerves also

contain stellate cells, generally somewhat shrunken, so that a

space separates thebody of the cellfrom the surrounding fibrous

tissue. The nucleus contains a chromatin network, and the

protoplasm is differentiated into fine sinuous fibrilltB staining

deeply with iron haamatoxylin. These cells are doubtless

of neuroglial nature. We have also noticed a few scattered

cells which are apparently ganglionic. They occur chiefly

at the commencement of the nerve just after it leaves the

cord, but owing to the failure of the elements to respond

to methylene blue we are unable to trace the processes of

these cells, or to distinguish satisfactorily the motor from

the sensory fibres of the nerves.

IV. Giant-cells and Giant-fibres.

A. Giant-fibres.

Giant-fibres occur in all species of Arenicola except A.

Claparedii, but we have studied them with most care in A.

Grubii. In a piece of the fresh cord of this species they

appear as tubes ("l
—"Smm. diam.) with a distinctive wall and

homogeneous contents. Anteriorly there is a single median
fibre ; in segments five to ten there are two ; in the central

region of the body there are generally three ; and posteriorly

only one. From the inner surface of the wall of the fibre,

shreds or granular tags project into the interior, but oVing

to the opacity of the enveloping neurilemma and the granu-

lar cells of the peritoneum, it is impossible to make an ex-

haustive examination of the giant-fibres by the simple

inspection of the fresh cord. Some evidence of the nature

of these fibres is afforded by their behaviour towards re-

agents. If a 2 per cent, solution of osmic acid be added to

unaltered pieces of fibre they become brownish, but not black,

VOL. 43, PART 3. NEW SERIEB. L L
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and tlie effect is limited to tlie sheath, while the contents

remain translucent and colourless. In sections of the nerve-

cord taken from pieces fixed with vom Rath's (osmic-acetic-

platinic chloride) mixture and subsequently treated with

pyrogallol or crude pyroligneous acid, the sheath is stained

brown. The nature of this sheath is demonstrated by sections

prepared by the various methods described on p. 468. There

is first, the neurilemma sheath which envelops the entire

nerve-cord j but within this, directly enclosing the giant-fibre

and sending tag-like processes into its contents, is another

sheath, which is slightly laminated or fibrillated, and composed

of nucleated cells of what we consider neuroglial nature

(PI. 27, fig. 66). This is the true sheath of the giant-fibre,

and from its reactions, evidently contains a certain amount

of myelin,^ though not so much as in the earthworm or in some

members of the family Maldanidse.

The contents of the fibi'es appear in transverse section to

be extremely finely granular, staining faintly with iron hsema-

toxylin. In longitudinal sections, and also at points where

the lateral fibres anastomose with each other, or with the

central one, they present a distinctly fibrillar structure, but

so fine are the fibrillte that they are irrecognisable when cut

transversely. The fibrill^e are embedded in an almost homo-

geneous protoplasm, which in many places shrinks away some-

what from the neuroglial sheath. This is due to the myelin

sheath being dissolved by most of the reagents employed with

the exception of osmic acid. In the fresh condition and in

many series, however, the contents of the giant-fibre almost

fill the sheath.

The giant-fibres arise from giant-cells of the cord. Many
of our preparations give direct evidence of this mode of origin

(PI. 28, figs. 70—73), and although on account of the sinuous

' The fullest proof t.liat myelin does occur in the sheath of Chsetopods is

given by Friedlander (1894). The presence of this substance is a very impor-

tant fact, for it furnishes an exact parallel to the medullary sheath of Verte-

brates. Not only so, it will now be possible to trace the course of the giant,

ftbres by the degeneration method.
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course of the cell process which enters the giant-fibre it is

not always possible to trace the connection in one section, yet

it can be seen on following the process through one or two

adjacent sections. We have verified this point again and

again in the case of the majority of the giant-cells in one

specimen of Arenicola Grubii, by the examination of a con-

tinuous series of sections through the entire length of the

worm. Additional evidence on the point is given by prepara-

tions of the nerve-cord of the common lugworm (A. marina)
;

and as all species of the genus except A. Claparedii possess

giant-cells (arranged just as regularly as, but not always at-

taining the size of those of A. Grubii) we may fairly pre-

sume that this mode of origin occurs throughout the entire

genus.

It is necessary, however, to go into the details of these cells,

their processes, and the connections of the median and lateral

fibres with each other and with the cord.

B. Giant-cells.

The giant-cells of the nerve-cord of Arenicola Grubii

are conspicuous by reason of their large size and singularly

regular arrangement. Throughout the greater part of the

length of the cord, as is shown on PL 29, there are, as a

rule, two of these cells placed in line an annulus apart, close

to the hinder limit of each segment. The limits of the

segments are marked externally by the gi'oove separating the

first from the second annulus behind the chsetigerous one.

The giant-cells are therefore placed in a fully extended animal

just in front of this groove, and where there is only a single

giant-cell, as is the case in the anterior one or two of the

branchial segments of the body, this single one usually corre-

sponds in position to the more posterior of the two present in

the majority of the segments. In the singular regularity

displayed by the arrangement of these cells Arenicola

Grubii appears to be paralleled by Polynoe (Rohde, 1887).

We have been at considerable pains to ascertain and plan

out these cells from an entire series of sections of a complete
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specimen 78 mm. long, and the result is given in PI. 29, fig. 79.

There are no giant-cells in the brain. The first one occurs at

the point of union of the oesophageal connectives well in front

of the first chsetigerous segment, and it therefore probably

belongs to the (in the adult) achaBtous segment immediately

following the peristomium. In the second and third chse-

tigerous segments there is only a single giant-cell, while in

the fourth segment the posterior of the two cells is represented

by two rather small ones close together side by side. Behind

this point the arrangement is uniform, being subject merely

to slight irregularities in position. In one segment (thirty-

fifth), however, the cells are absent. In the last segment two

small cells are present.

In sections of the cord, the giant-cells occupy an almost

median and ventral position among the ganglion-cells which

cover the lower surface. On the average each giant-cell

occupies a third of the width of the cord in transverse or

horizontal sections, and at the level of the nucleus measures

50 to 80 jjL in diameter. The real shape of the giant-cells is a

pyriform one, and the narrow extremity is placed laterally and

prolonged upwards into the fibrous matter of the cord. On
the evidence of the methods we have successfully employed,

this process appears to be the only one given off from the

giant-cell in every case.

The structure of the body of the cell merits detailed descrip-

tion. First there is a nucleated fibrillar sheath of neuroglial

nature. In horizontal sections the nuclei are flattened parallel

to the surface of the cell ; when transversely cut, however,

they appear more circular. Externally the limits of this

fibrillar sheath are not well defined. They merge imper-

ceptibly into the glia network which fills the interstices

between the surrounding cells. The fibrils of this sheath

give all the appearance in response to haematoxylin and

haeraatein stain that are attributed to them by Apathy (1898)

in the sheath of ganglion cells of the leech and earth-

worm. Of these appearances the most impoi'tant are their

extensions between the surrounding ganglion cells already
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adverted to^ and the fibrils radiating into the onter layers of

the protoplasm of the giant-cell (PI. 28, fig. 76, Ngl.jilx.). In

one or two giant-cells the glia-fibrillse penetrate more deeply

into the protoplasm, and form a definite network, staining

deeply and sharply with iron hEematoxylin or Apathy's

htematein 1 a.

The protoplasm itself presents certain peculiar appearances.

The outermost layer is distinctly alveolar,^ and is demarcated

on its inner surface by a distinct membrane, or what seems to

be such, and which in sections is seen to be traversed by pro-

cesses from the glia fibrillae of the sheath. The outer alve-

olar layer is clear, non-granular, and does not stain. At each

end of the cell is a distinct vacuole, which has also been

noticed in the giant-cells of other annelids. The rest of the

cell protoplasm can be differentiated into (1) the main body

of the cell; and (2) one, or in some cells two regions, which

have characters similar to those described for the centro-

spheresof the giant-cells of Maldanids by Miss Lewis (1898),

and also resembling to a certain extent the description of

centrospheres in the ganglion cells of leeches and of Lumbri-

cus as given by Apathy (1897). The main mass of the cell-

protoplasm stains lightly. It contains a multitude of minute

granules, and these are often arranged as a network round

or in, a clear non-staining substance, thus giving a character-

istic " Wabenstructur." Different giant-cells vary much in

this respect, however; some, as in PI. 28, figs. 70, 7(3, showing

it very clearly, while others show a uniformly granular sub-

stance without alveoli. Should the alveolar structure occur,

it is usually very plainly marked round the nuclear membrane,

and may extend up to the membrane noted already. With

reference to the so-called centrospheres we may mention the

radiating arrangement of chromophilous granules round a

central point, usually between the excentrically placed nucleus

1 The whole question of the existence of alveoli and fibrils in living cells

has lately been reopened. See the very suggestive paper by W. B. Hardy

in the 'Journal of Physiology,' vol. xxvii, 1899, "On the Structure of Cel^

Protoplasm."
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and the broad end of the giant-cell. Here they forui a distinct

deeply staining area which may be observed in almost every

giant-cell. In a few cases a transparent body (•004 mm. in

diameter) appears to form the focus towards which the lines

of granules converge. The granules are here rather larger

and stain more deeply than those of the rest of the cell-body.

The whole appearance is accurately recorded by Miss Lewis

in Maldanids, with whose descriptions our own preparations

from Arenicola Grubii closely agree, except that we have

not satisfied ourselves that a " centrosome '' is actually

present (PI. 28, fig. 77, Gentr.).

The nucleus is a large subspherical structure, averaging in

the larger giant-cells 20 fx in diameter. Within the distinct

nuclear membrane are the chromatin network, the fluid

contents, and usually one lens-shaped nucleolus about 6 ju in

diameter. The nucleus is always excentric, and is usually

placed near the broader end of the cell.

We have reserved to the conclusion of this description

the most debatable element of structure, namely, delicate

fibrillse distinct from the glia-fibrillae of the sheath or from

any other usual cell-element, and which we conclude repre-

sent Apathy's neuro-fibrilla3. They are by no means to be

seen in every preparation, even of those produced by the

same method, but in successful cases they stand out very

clearly, especially in the cell process (see PI. 28, figs. 70 and 76,

nllse.), whose structures we have so far entirely neglected.

The cell-process is enveloped by a fibrillar nucleated glia-

sheath, which is continuous with that of the cell-body.

The protoplasm within this sheath is clear, and, though finely

granular, does not stain, or at most very lightly indeed. It

is penetrated by delicate, darkly-staining fibrillse, which do

not branch in the process, but on entering the body of the

cell break up into at first a few branches (PI. 28, figs. 70, 71,

76, Nllse.) and these into still finer ones as they approach the

basal part of the cell. Fi-equently they are only stained as

they enter the cell, and then they appear to end abruptly, but

in successful cases (and especially in horizontal sections
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stained with h^ematein 1 a or iron haematoxylin) they can be

followed from the base of the cell-process round the body of

the cell, and can be seen to divide and penetrate into the

layer which lies inside the outer alveolar zone. They do not,

however, seem to reach the nucleus, but are limited to the

more superficial layer of the granular aud, it may be, slightly

alveolar protoplasm. In some cases the processes of these

neuro-fibrillee appear to terminate in the central granular

network of the protoplasm, but this is probably mere contact.

In order, however, that these " neuro-fibrillee " should

thoroughly conform to the structures which Apathy has so

named, it ought, according to this author, to be shown that,

after branching at the broad end of the cell, they again unite

and run a recurrent course along the cell process, and so

through the fibrous part of the cord to muscle or gland.

This we are not able to show. But we believe that we are

able to distinguish these " neuro-fibrillse" by their course,

and especially by their relation to the cell process from the

histologically similar glia-fibrillte, which, as we have seen,

either penetrate but a short distance from the sheath into the

outer alveolar layer, or more rarely form a more complete

network within the cell substance.

To further determine the character of these giant-cells it

is necessary to examine the nature and course of the cell

process. We are only able to demonstrate one stout process

to each giant-cell, forming, so to speak, the stalk of the cell.

The fine granular contents of this stalk do not stain ; they

contain '' neuro-fibrill?e," and they are ensheathed in a fibrous

envelope of a deeply staining character. The process so

formed runs a somewhat sinuous course through the fibrous

part of one side of the cord towards the upper surface.

Shortly after leaving the cell it gives off a branch to the

outer side of the cord, and further on another. These

branches end apparently in the fibrous region of the cord,

and are not invariably present. When the cell-process has

arrived near the median dorsal line of the cord its further

course varies according to the region of the body with which
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we are dealing. In the first few segments and in the last

two the process enters into the median giant-fibre. The first

cell, placed at the point of union of the oesophageal commis-

sui'es^ may be said to be the starting-point of this fibre ; and

though, as we shall see, the median fibre gives off branches

and fuses from time to time with the lateral ones, yet it may
be said to be continuous from one end of the body to the

other (see PL 28, figs. 67—73).

The greater number of the giant-cells, from the fifth

segment to the last but two or three, of Arenicola Grubii
enter into direct connection, not with the median giant-fibre,

but with the lateral ones. In several cases we have noticed

that their cell-processes at first behave as do those which

join the median fibre; that is to say, they curve upwards

towards the dorsal surface, giving off one or two small

branches to the cord on their way. Then they enter one of

the lateral giant-fibres, usually at a point where it is connected

with its fellow by a junction which runs beneath the median

fibre (PI. 28, figs. 67—70). The exact behaviour of the cell

process at this point varies in different cases, and requires

additional methods to those we have employed for its com-

plete investigation. It appears almost certain, however, that

the cell-process divides in a T-like fashion. The stalk of the

T represents the process, and the cross-piece the lateral

neurochord, which, starting from the cell process, runs for-

Avards and backwards, and at once, or after a very short

course, unites with or sends a branch to, the giant-fibre of the

opposite side. A single branch or a pair of lateral branches

are also given off from the cell process to the fibrous part

of the cord just at its point of division into the neurochord.

In other cases the cell-process divides ; one small branch

entering a lateral fibre, and the rest gradually lose them-

selves in the cord without any definite termination.

In attempting to trace the lateral giant-fibres from their

points of contact with the giant-cell processes, we have found

that in front of these points up to the chsetigerous annulus,

the two fibres anastomose in a perplexing way, and give off
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two pairs of branches, which ruu down the sides of the cord

to the roots of spinal nerves. At the level of the chgetigei-ons

annulus the three fibres exhibit a thickening of their fibrous

sheaths ; they fuse laterally, and a pair of branches spring

from the fused mass and run to the spinal nerves of this

annulus (PI. 28, fig. 74).

Behind the point of contact of the lateral giant-fibres and

the processes of the giant-cells the arrangement is simpler.

Here, as a rule, one of the lateral fibres, after a little

preliminary branching and crossing, disappears in the cord,

and the other alone continues through several annuli by the

side of the median fibre until the next chtetigei'ous region is

reached, and then the complicated arrangement of the great

fibres begins again.

This is obviously a case where a topographical method is

required to determine with accuracy the connections and

terminations of these fibres, but, as we have explained in a

preceding section (p. 468), neither methylene blue nor Grolgi's

method, applied in the usual manner and varied in several

ways, was effective. We have, however, shown that there is

an intimate connection between the giant-fibres and the

giant-cells, between the giant-fibres and the spinal nerves,

and between the process of the giant-cell and the fibrous

matter of the cord.^

c. The Nature of Giant-cells and Giant-fibres.

The histological features of these giant-cells are identical

with those of unipolar ganglion cells. Indeed, the only other

class to which the giant-cells could be referred would be the

large neuroglia cells of the kind described by Apathy (1897)

in certain leeches as " grosse mediane Sternzellen " and

'' Leydig's Zellen." These glia-cells, however, are not only

multipolar, but they exhibit throughout their cell-body a

' We are fully aware of the opinion shared both by Retzius and Lenhossek

that the giant-fibres are not nervous, and do not originate in the way we

describe. The discussion of the evidence for and against the view we adopt

is given more fully on p. 492.
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cliaracteristic fibrillar network whicli arises from tlie outer

fibrous sbeatb. The chief difference, moreover, between

them and true ganglion-cells lies, according to Apathy, in

the number and arrangement of the neuro-fibrillae : these

specially large glia-cells only possessing a few fibrillsa

which do not exhibit the formation of a network by the

ingoing fibrils, and recombination to form outgoing ones.

In other respects—in their position in the mid-ventral line of

the cord, in their size (70 to 80 ju diam.)—they superficially

resemble the multipolar ganglion cells, with which indeed

they have previously been confused by the earlier writers on

the Hirudinean nervous system.

We have compared Apathy's description (unfortunately he

has hitherto published no figures) of these " Sternzellen
"

with the appearances exhibited by the giant-cells of Areni-

cola, and we find that the giant-cells differ in being unipolar,

in the nature of their single process, and in the number and

arrangements of the neuro-fibrillee, while they conform in all

these points with ganglion-cells.

Accordingly we feel justified in considering each giant-

cell, its process and branches, as a distinct nerve element of

the cord.

The doubt which has been hitherto felt by many anatomists,

and which is still widely shared, as to whether the giant-fibre

is a process of the giant-cell, and whether it is nervous in

function, arises partly through the negative reply given by

Retzius (1891) and von Lenhossek (1892), and partly by the

lack of analogy of the giant-fibres with any recognised nerve

element either in their structure or in their relation, or rather

want of relation, to the rest of the nerve-cord. It is urged

that every important nervous structure in the cord of Lum-
bricus can be demonstrated by the Grolgi method, but that

the giant-cells and fibres cannot be impregnated ; and it is

held that this failure of the method in the hands of such

competent histologists as Retzius and Lenhossek is sufficient

to show that these cells and fibres are other than ordinary

nerve elements, if indeed they be nervous. On the other
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hand^ while many equally competent observers by the use of

other methods have shown that even in the earthworm the

giant-fibres do arise from an anterior and a posterior group of

cells, and that in many Polychsetes they arise from a couple

or more, of symmetrically or irregularly arranged giant-cells,

yet these observers do not adequately prove a fusion of

elements—which on the face of it would be a serious

blow to the neuron theory,—and they do not show that

the giant-fibres have either fibrillar connections or a mode

of termination comparable with that of fibres which arise

from cells within the cord. The evidence of their nervous

nature is not felt to be so convincing, nor demonstrated by

such experiments—for example, on their degeneration and

subsequent repair, accompanied by loss and renewal of the

power of co-ordination,—as to obtain the general acceptance

of anatomists.

The experimental evidence is undoubtedly very weak.

Friedlander (1895), as is well known, has studied the re-

generation of the giant-fibres which follows section of the

cord in the earthworm. He found that the fibres degenerated

like normal nerve-fibres, but that subsequently from each

cell a number of new fibres arose in the new part of the cord,

but this is almost the only work in this direction.

The Wallerian or degeneration method has not hitherto

been employed, but it will no doubt throw much light both

on the course and termination of the fibres, and also on their

behaviour under this method as compared with ordinary

nerve-fibres. We are, therefore, thrown back upon the

anatomical results obtained by the use of various histological

tests. By this means it has been shown, for example, that in

Lophius, by G. Fritsch (1886), in certain Crustacea (Retzius

[1890], Allen [1894], Bethe), and in many Annelids

(Spengel [1882], Eisig [1887],Rohde [1887], Lewis [1898],

etc.), the giant-fibres arise from giant-cells. In Lophius
the origin and course of the fibres was determined in 1886,

and their structure has since been examined in detail bj

Apathy, but their termination is still unknown. The fibres
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have a stout sheath, and consist of bundles of dehcate

fibrilte. They arise from large median cells of the cord,

according to Fritsch multipolar, according to Apathy unipolar,

and they accompany the dorsal roots of the spinal nerves.

The most recent explanation of the structure and function

of giant-fibres is given by Apathy, who has studied them in

most detail in leeches and Lumbricus, but also in Lophius.
According to this author, in at least each of the anterior nerves

of leeches, there are three large " sensorische Schlauche '*

in addition to the usual motor and sensory fibres. These
" sensorische Schlauche " may be traced into the fibrous

matter of the cord, where they become much smaller. Each

divides in a T-like manner, and gives off branches which

end in peculiar thickenings, " Endkolben," from which

extremely fine fibrils are given off. In Pontobdella, how-

ever, there is in each connective between adjacent ganglia

a large dorsal and generally median " Schlauch," which ter-

minates by divisions as in other leeches. Apathy does not

state whether these sensory structures, which he homologises

with the giant-fibres of, e. g., Lumbricus, arise from peri-

pheral sense-cells, but that practically follows from their

course and termination in the cord. Their structure is

characteristic ; according to Apathy they consist of neuro-

fibrillse embedded in peri- and inter-fibrillar structures, the

whole being enclosed in an inner myelin sheath and an outer

neuroglial sheath. By their structure and their mode of

termination in the cord, the " sensorische Schlauche " are dis-

tinguished, according to this author, from the other sensory

elements which form bundles, " sensorische Biindeln." Both

these sets of sensory fibres are distinguished from the motor

ones by the absence of ?my direct connection with ganglion

cells in the cord, such as those in which the motor fibres as

usual arise ; but in no case does Apathy give any indication of

the starting-points for the formation of these sensory tracts.

In Lumbricus the same distinctions hold good, and it is

pointed out that the " giant-fibres " are in fact the central

portions of the " sensorische Schlauche."
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Thus in the earthworm Apathy states (1897, p. 624), "Die

Neurochorde enthalten nJimlich ausser sehr dunnen Prirnitiv-

fibrillen sine Anzahl starker, meist trotz ziemlicher Streckung

des Thieres, sehr kleinwellig, aber im ganzen in gerader

Richtung verlaufender Primitivfibrillen in axialer Lage,

und diese starker Primitivfibrillen sieht man in frontalen

Schnitten besonders deutlich (also auch in transversalen

oft sehr schon) an verschiedenen Punkten aus dem Neuro-

chord durch diesen dicke Gliascheide heraustreten, und in

der Fasermasse in transversalen Richtung eine Strecke weiter

gehen.'^ But no reference is made to the fact ascertained by

Friedlander and Cerfontaine that these giant-fibres, neuro-

chords, or " sensorische Schlauche," by whatever names they

are called, have been traced to what the two latter authors

believe to represent ganglion-cells, and with which these

fibres ai'e certainly connected.

Lastly, in Lophius, in which, as is well known, giant

cells and fibres have been discovered by Fritsch (1886),

Apathy describes giant-fibres in the dorsal spinal nerve-

roots, and states that he traced them from the large pyriform

ganglion-cells discovered by Fritsch, and out of the dorsal

furrow of the cord into the dorsal root (which contains

sensory and motor fibres). He adds, however, that he is

about to re-examine this result. Though their origin may
be doubtful. Apathy states on the ground of their structure,

that the giant-fibres of Lophius are also "sensorische

Schlauche,'' and equivalent to the structures so named in the

nerves of Hirudo. A noteworthy distinction to which he

does not draw attention, is the central course of these fibres

in Lophius. For no one has, as yet at least, described a

T-shaped bifurcation followed by subsequently branching,

and termination by minute fibrils in the neuropile of the cord.

Apathy's conclusions, in fact, may be summarised thus.

Giant-fibres are a normal constituent of the ordinary mixed

nerves of leeches, Oligochagtes, of the dorsal (also mixed)

nerves of Lophius, and of the nerves of Astacus and

Palesmon. These giant-fibres are better called sensory
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tubes (sensorisclie Schlauche), partly from their central ter-

minations in the neuroglia of the ventral cord of leeches and

Lumbricus, and partly from their large size^ non-refractive

contents, and myelin and neuroglial sheaths. They are

nervous, for they contain the essentially nervous element, the

neuro-fibrillge.

These conclusions are in one way or another at variance

with those of almost every other writer on giant-fibres. In

Crustacea, for example, the central origin of the fibres in

large ganglion-cells of the brain, and their course as deter-

mined by Allen, Bethe, Retzius, is entirely opposed to an
explanation of them as sensory structures. Neither have

they in this group been traced into any connection Avith

peripheral nerves except by Apathy himself, and his state-

ment is not accompanied by desci-iptions or figures.^

In Lumbricus and in an increasingly large number of

Polychsetes it has been shown that certain giant-cells of the

ventral cord are directly connected with the giant-fibres,

and it is usually supposed that each cell gives off a process

which fuses with that of the next giant-cell, and so on ; but
very rarely do the upholders of this view show that the

giant-fibres so formed possess either a connection with the

fibrous part of the cord (through delicate fibrillae or colla-

teral branches or otherwise) or a connection through spinal

nerves with peripheral organs. In the case of Lumbricus,
however, it has been shown that branches of the giant- fibre

do pass into the nerves (Cerfontaine, 1892). Still, if their

origin in giant-cells of the cord can be considered to be
proved (and the cases of Sigalion, Clymene, Axiothea,
certain Capitellids, and we may add Arenicola, are, we

* Indications are not wanting in fishes that we must distinguisli two groups

of fibres : (1) originating iu the medulla, and traversing the length of the cord

without ending peripherally ; and (2) the fibres, such as those described in

Lophius, with central spinal origin and peripheral (probably motor) termina-

tion. It is possible that the giant-fibres of Crustacea correspond to the

first set, those of A.nnelids to the second. The whole question is urgently

in need of thorough investigation.
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think, beyond doubt), then Apathy's interpretation of giant-

fibres as " sensory " can hardly be accepted. What is

wanted more than anything else to settle the question is

an investigation of their peripheral ending by a physiolo-

gical method, such as the results of section of the giant-

fibres, and of the destruction of the giant-cells.

While, at any rate, one result (the exit of fibrils to the

cord) obtained by Cerfontaine (1892) by the use of methy-

lene-blue on the giant-fibres of the earthworm has thus,

at Apathy's hands, received confirmation, there has been no

corresponding confirmatory work in Polychastes. The ten-

dency of recent research has certainly been to accept the

continuity of giant-cells and some element of the giant-

fibres; but beyond the fine lateral branching of these fibres

observed by Eisig (1887) and Friedlander (1899), in Masto-

branchus (CapitellidaB), there has been no proof of entrance

of the processes into the spinal nerves, nor has any complete

analogy been drawn between the giant-fibres of Polychaetes

and ordinary nerve-elements. This discordance is most

plainly seen in the rarity of statements to the effect that

any connection exists between the giant-fibres and the cord

itself. Hamaker (1898), however, lias shown that in Nereis

the giant-fibres are pierced by ordinary nerve-fibres (especially

by his "set B "j on their course to the periphery. A com-

parison of Hamaker's fibres ("set B") with Apathy's " sen-

sorische Schliiuche " in leeches suggests, however, that these

fibres are part of the same set of elements to which the

giant-fibre itself belongs : and further, that processes of indi-

vidual giant-cells, which in other Polychaetes, form an appa-

rently continuous giant-fibre, may in reality represent a

number of fibres, which though auastomosing and decussat-

ing, yet ultimately escape from the giant-fibre into a spinal

nerve without the adjacent fibrils or axis-cylinders under-

going the intimate anatomical continuity which is sometimes

stated to occur.

At this point the evidence we have obtained from Areni-

cola Grubii has a distinct bearing on the problem. We
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have shown that from several, if not from all of the meta-

merically arranged large unipolar ganglion-cells, there arises

in each case a single process which gives off fibrillations to

the cord, both to the right and to the left sides. The pi'ocess

then enters a giant-fibre, which may divide, some of its

branches entering the spinal nerves, and others, proceeding

for a longer or shorter distance, anastomose with the other

giant-fibres, and again give off branches to nerves. The

structure of the cell-process and giant-fibre is undoubtedly

that of an axon, and corresponds with what Apathy calls

" sensorische Schlauche," but there is no proof that an inti-

mate fusion of the process of one cell with that of a suc-

ceeding cell takes place. A more successful topographical

method must first be employed to decide this point, and also

in order to determine in what manner the fibrill^of the cord

enter the giant-cell, how they are connected through the

collaterals with the axon, and in what way these fibrillaerun a

recurrent course along the cell process to the giant-fibre and

spinal nerves, and so reach their termination.

D. The Occurrence of Giant-cells in Arenicola.

With reference to the presence and development of giant-

fibres and giant-cells in the different members of the genus

Arenicola, we have ascertained the following particulars.

In the common lugworm (A. marina), a specimen 17"5 mm.^

long showed an arrangement of the giant-cells precisely

similar to that described above in A. Grubii. In the great

majority of the segments there were two of these cells placed

in line and near the hinder border of the segment ; in the

remainder only one was present. The caudal region was

carefully examined, and giant-cells were found apparently

regularly (in the middle of the tail) two annuli apart. The

cells measured 'O^ mm. in length and about '02 in breadth.

They were pyriform, unipolar, and their process extended

towards the dorsal surface of the cord, but was not ascer-

tained to end in the giant-fibre. The nucleus is large, and
» PI. 29, fisr. 80.
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has often two lenticular nucleoli. The protoplasm of the cell

stains but slightly. The neuroglial sheath was less developed

than in A. Grubii^ and neither the radiating glial processes

which extend into the cell protoplasm nor the neuro-fibrillas

could be demonstrated so clearly as in that species.

The giant-cells and giaut-fibres do not appear to be differ-

entiated in a post-larval specimen 4*5 mm. long. In specimens

50—75 mm. three such cells occasionally occurred in segments

3—6, but they would appear to be less regular and no larger

than in the individual 17'5 long referred to in the preceding

paragraph. In large specimens (250 mm. or even longer) at

least one cell with a very distinct process prolonged into the

giant-fibre was met with^ close behind the union of the

oesophageal commissures.

In Arenicola cristata we examined sections of seg-

ments 11 and 12 and found a single giant-cell in each^ in

a position exactly corresponding to the hinder of two cells

of A. marina or A. Grrubii (see fig. 81). The preservation,

however, of this and other specimens of the species does not

permit us to add any histological characters.

In A. Claparedii there is, curiously enough, no trace

either of giant-cells or giant-fibres.

InA.ecaudata (150 mm. long) we have found sis giant-

cells in segments 2— 7, and probably therefore they occur

segmentally throughout the length of the body. They vary

somewhat in size, but attain dimensions as great as those of

A. Grubii, measuring '08 mm. in length and "048 in depth.

The histology of these cells and their connection with the

median giant-fibre are identical with those of A. Grubii. A
single process arises from the cell, courses laterally through

the fibrous part of the cord, and ends in the median giant-

fibre. In two post-larval specimens of this species (94 and
7*2 mm. long respectively) the median giant-fibre is already

developed, but the giant-cells cannot be made out.

No further description need be given in this place of the

giant cells and fibres of A. Grubii. In adult specimens they

persist, and are apparently as large and well developed aa
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those in the example, 78 mm. long, figured in Pis. 28

and 29.

In conclusion it may be said that, with the exception of A.

Claparedii, the median fibre is constant in all species, and

arises from median giant-cells segmentally arranged at the

anterior and posterior ends of the body ; while the lateral

fibres are more inconstant, pursue an intricate anastomosing

course, and are related to the giant-cells of the middle region of

the body. The cells are as well, if not better, developed in

immature than in full-sized individuals, and in all cases exhibit

the characters of unipolar ganglion-cells. The exact connec-

tion of the giant-fibre with the cord, and especially the ter-

mination of its branches and of those of the more inconstant

lateral giant-fibres, will require further investigation, but we
have shown that in A. Grubii the branches accompany the

peripheral nerves, and are connected by short offsets with the

fibrous matter of the cord^ thereby increasing their likeness

to efferent nerve-fibres.

12. Sense-organs.

The otocysts are the best developed and most characteristic

sense-organs of the Arenicolidse. In addition to these,

however, there are (1) the eyes, (2) the sensitive surface of

the prostomium, and (3) the nuchal oi'gan or ciliated groove.

As stated on p. 444, we have not been able to prove that the

cirriform hollow processes of the tail of Arenicola cristata

are definitely sensory, but both these and the tubercles

placed just below the last few pairs of gills (which may also

prove to be reduced cirri) probably contain sense-ox'gans.

The constant and rapid movements of the notopodial bristles

suggest that on these a sensory ending may occur. Indeed,

Retzius {' Biologiska Foreningeus Forhandlingar,' Band iii,

Hefte 4—6, 1891, p. 85) has shown that in A. marina,

nerve-endings may be traced to the bases of these setee.

The Otocysts.—Ehlers (1892) has given an almost ex-

haustive account of these interesting structures, but we have

gone over the ground again, since one species, Arenicola
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ecaudata, not examined by him, possesses, according to

Fauvel (1899), otoliths of an entirely different nature from

those of A. Grubii, and also because we do not agree with

Ehlers that there is an open pit in A. Claparedii which

represents the earliest stage in the development of the organ.

The otocysts are a pair of vesicles derived from the skin.

In the common lugworm they open on the surface of the

body just behind the prostomium : more strictly speaking, on

the upper surface of the peristomial segment. In three other

species (A. cristata, A. Grubii, A. ecaudata) the vesicles

are closed, but they lie exactly below the point at which, in

A. marina, they open to the exterior. Finally, in A.

Claparedii there is no sense-organ, but Ehlers claims to

have shown that there is a pair of pits at the corresponding

points on the peristomium. We have examined several

series of sections of Naples specimens of this form, and we
find (PI. 27, fig. 56, xx) that there is an enlargement of the

metastomial groove at its point of origin behind the pro-

stomium. This enlargement in sections, taken in the same

plane (horizontal) as those figured by Ehlers, occupies the

site of the pit, which he refers to as marking the position of

the otocyst of other forms. In these sections the metastomial

groove is conspicuous on each side from the dorsal to the

ventral surface of the animal. The position of the otocyst (in

those species which possess the organ) lies slightly dorsal to

the point of intersection of the second transverse groove

behind the nuchal organ with this metastomial groove. This

point lies dorsally and to the inner side of the metastomial

pit of A. Claparedii, but Ave find no trace of any depression

in this species which can be accurately localised with the

point of origin of the otocyst. Ehlers states that the pit to

which he refers as marking this site is in no way modified
;

there is no special sensory epithelium, and no special oto-

cystic nerve. After careful examination we have concluded

that there is in this species no trace of the otocyst, nor is it

possible to localise the position it occupies in other forms

by any particular diverticulum of the metastomial grooves.
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This entire absence of any trace of the otocysts in A.

Claparedii is very remarkable^ since in other species of the

genus these sensory organs are perfectly constant^ and, so

far as is known at present, they are unrepresented in any

of the families (Maldanidse, Opheliidse, Scalibregmidae,

Capitellidse) with which Arenicola shows a more or less

close degree of resemblance according to the organs under

consideration.

In A. marina the structure of the otocyst and the nature

of the otoliths are both well known. In describing the

oesophageal connectives we pointed out that the nerve to the

otocyst arises from them, and is strongly ganglionated. We
have now only to add that in post-larvce 4*5 mm, long, taken

while swimming freely in their gelatinous tubes, the otocysts

contain minute quartz-grains covered by a delicate chitinoid

film. This seems to point to the conclusion that these young

stages are not strictly pelagic, but that they sink to the

ground for a longer or shorter period of time, and probably

are disturbed by the incoming tide and so brought near the

surface, for it was at high tide that our specimens were taken

at Lytham by Mr. Ascroffc. Wilson's observations on the

habits of very young A. cristata show that the true early

larval stage is a free-swimmer, but that later on the animals

sink to the bottom and creep about while retaining the power

of swimming.

Of the three remaining species the otocysts of only one

specimen of A. cristata have been examined by Ehlers,

with whose account we are in full accord. There is only a

single otolith, chitinoid in nature, which appears to increase in

size with the age of the Arenicola. A small specimen of

this species, 47*5 mm. long, had an otolith of lenticular shape,

and measuring "07 mm. in length, "028 mm. in width, and
•056 mm. in thickness ; while in another example from

Naples, 300 mm. long, the cavity of each otocyst measured

•018 mm. in diameter, and the almost spherical otolith 'OlS

by "012 mm. We have fully confirmed Ehlers' statement

that in this species the otocyst is closed ; in fact, the
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cliitinoid otoliths appear to be correlated witli a closed

vesicle.

We are unable to give a detailed account of tlie structure

of the wall of the otocyst in this species, as our specimen

was not sufficiently well preserved. The cells of the wall

are of two kinds,—columnar supporting cells and fusiform

sense cells; and the cavity of the vesicle possesses a dis-

tinct cuticular lining (PL 27, fig. 65). The nerve-supply to

the organ is derived from the oesophageal connectives.

In A. ecaudata and A. Grubii the two otocysts (PI. 27,

fig. 64) have the same relative position (peristomial) as in the

two former species. They are closed vesicles, into the base

of which a sheet of muscle derived from the body-wall is

inserted, as Ehlers has described in detail for A. Grubii.

The long columnar cells forming the wall of the otocyst are

of two kinds—sense cells and supporting cells. The former

end in one or more delicate points which project through the

cuticular lining into the fluid with which the vesicle is filled.

Around the basal ends of these columnar and sense cells, there

is a slight amount of connective tissue, and in it is embedded
a plexus of nerve-fibrils—the termination of the nerve to the

otocyst,—which enters the organ at its outer and under side

and spreads out over its surface (Fig. 64, N. 8h.). The special

development of ganglion cells on the course of this nerve and
at its point of origin from the connective is described in con-

nection with the nervous system (p. 479).

The otoliths of perfectly fresh specimens of both these

species, often, but not always, exhibit the peculiar rotatory

movement which was first described by Quatrefages in the

otocyst of the common lugworm. It is best seen if the

otocyst is rapidly dissected out under sea water. If the

lugworms are not quite healthy the movement of the otoliths

does not occur, and these cases of immobile otoliths are

probably due to some alterations in the fluid inside the

otocyst. We have examined the lining of the vesicle very

carefully without detecting auy trace of cilia, and we are

inclined to consider the movement due to diffusion currents.
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although it has precisely the same appearance as the move-

ment of the otolith of certain Lamellibranchia, e. g. Cyclas,

which is caused by ciliary action.

In post-larval A. ecaudata there is only a single minute

otolithj which floats in the viscous fluid with which the

vesicle is filled. The otolith is spherical, 7 ju in diameter,

and has a minute central granule. As the worm increases in

size this otolith becomes larger and others arise, but the first

one always remains conspicuous from its larger size. In full-

grown specimens the large otolith measures "036 to '04 mm.

in diameter, and the small ones '003 to "01 mm. They are

all spherical, somewhat yellowish, highly refractive bodies^

with slight indications of concentric lamination. Each is

covered by a thin transparent envelope. In the centre of

each otolith there are usually a few dark granules. The

characters of the otoliths in A. Grubii agree precisely with

the foregoing description.

The chemical reactions of the otoliths in A. Grubii have

been somewhat fully recorded by Ehlers, with whose state-

ments and results we are in full accord. " Ich halte," says

Ehlers, " die Substanz dieser Otolithen danach fiir eine,

welche dem Stoffe gleich kommt, der die Cuticula und die

Borsten bildet." The chief ground for this couclusion is the

behaviour of the otoliths on the addition of acids. Weak
hydrochloric and strong acetic acids have no effect. Strong

hydrochloric acid, however, causes the otoliths to swell,

become clear, and lose their original shape ; but while these

alterations are going on there is no trace of the evolution of

gas. We have obtained exactly the same result. Further,

on placing the otoliths in eau de Javelle they become more

transparent, especially if slightly warmed, and at the same

time lose their refringent character. The otoliths apparently

arise in the glandular cells of the otocyst wall, and are

discharged into the fluid filling the cavity when they are

still minute (1 /u or so in diameter). In the fluid they

gradually increase in size, but appear never to attain a greater

diameter than 40 jm.
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All these charactei's point to the otoliths being chitinoid in

nature. The absence of gas bubbles under treatment with

acids^ precludes the possibility of carbonates having any

share in their composition.

Fauvelj however, though accepting this conclusion for the

otoliths of A. Grubii/ states that those of A. ecaudata (a

species not examined by Ehlers), when treated with Perenyi's

fluid, react quite differently, and that those of the former

species stain with htematoxylin, while those of the latter

do not. The black granules enclosed in the otoliths of

A. ecaudata acquire " I'aspect d'inclusions du quartz. Ce

sont probablement des fines bulles gazeuses produites par

Paction des acides sur le carbonate de chaux au sein d'une

masse solide ou pateuse qui s'oppose a leur fusionnement en

une grosse bulle.'^ Further ou he adds, " Les reactions des

otolithes avec les colorants indiquent qu'ils sont probablement

de nature chitineuse au moins dans leur parti peripherique "

(1899, p. 25).

With the exception of the last sentence our experience is

entirely at variance with that of M. Fauvel. We find that

the otoliths of A. ecaudata, when treated with acids weak

and strong, cold and warm^ with alkalies, and with staining

reagents, agree in their reactions in every particular with

those of A. Grubii, and we conclude that in both species the

otoliths are chitinoid in nature throughout, and do not contain

any trace of carbonates, nor do they give off gaseous bubbles

on treatment with acid. As mentioned above (p. 504), there

are in the centre of some of the fresh otoliths of both

species (before treatment with acid) a few small inclusions.

Some of these are spherical, and look almost like small gas

bubbles having refringent walls, but they are in reality

minute spherical granules. Some of the included granules

are elongated, rod-like bodies, and others are somewhat

irregular in shape.

' This author (1889, p. 25) mistakes the f^round for Ehlers* conclusion that

the otoliths are a secretion of cliitinoici nature, since he says that the Gottingeu

zoologist obtained no result with hydrochloric acid.
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The Nnclial Organ.—The general appearance of this

ciliated groove has been described in the section (pp. 439, 440)

dealing with the external chai'acters. It is a single, curved,

narrow depression of the prostomial epidermis, and corre-

sponds to the pair of grooves in Maldanids, and to the pair of

eversible " Wimperorgane '' in Capitellids and Opheliidse.

The epithelial cells which line it are of different kinds.

Some are secretory, others sensory, many are ciliated, and

these are the only ciliated cells which occur in the epidermis.

At their bases the epithelial cells are continuous with the

ganglion cells of the posterior brain lobes.

The Eyes.—These structures were discovered in larvae

and post-]arv£e of A. cristata by Wilson (1882-3), but

they have only been recently re-described by Mesnil (1897)

in specimens of what the author considered to belong to the

genus Clymenides, Clap. More recently he has entirely

given up this conclusion, and has referred his specimens to

species of the genera Arenicola and Branchiomaldane.
We are able to show that eyes of an extremely simple struc-

ture occur in the post-larvae of three species of Arenicola,

and in the adult stages of all species.

In the only trustworthy embryological account of Areni-
cola (the paper by Wilson on A. cristata, 1883) two eyes

appear on the prostomium when the larva is only a day old,

and they persist up to the latest stage that Wilson obtained

(fifteen days old, with six chaetigerous segments). In

sections of a Jamaican specimen, 7*5 mm. long, we can still

see embedded in the anterior brain lobes several eye-specks,

each consisting of a mass of brown spherical pigment granules

arranged round a clear central body which projects anteriorly

somewhat like a lens. The structure of these organs is not

well preserved.

In A. marina (PI. 24, fig. 34, Oc.) there are, during the

post-larval stage, four to five eyes on each side of the prosto-

mium embedded in the ganglionic layer of the brain. They
measure '008 mm. in diameter, and consist of a cup-shaped

mass of brown pigment granules partially enveloping a clear,



ANATOMY AND CLASSIFICATION OF THE ARENTCOLIDJ:. 507

solid-looking body which projects outwards. Similar eyes

are found in specimens of the common lugworm, 25 mm. long.

It is difficult to say whether they persist throughout life,

owing to the quantity of pigment in the prostomium increasing

with the age of the animal.

In specimens of A. Claparedii (17 and 2G mm. long)

there are three to four eyes in the deeper parts of the

prostomial epithelium and between the ganglion cells of

the anterior cerebral lobes. The lai-gest measure '01 mm.
in diameter, and are provided with a layer of red pigment

granules.

In A. Grubii and A. ecaudata we have obtained the

clearest preparations of the eyes. In a post-larva of the

latter species, 7"2 mm. long, there are about twelve eyes on

each side of the prostomium along the greater part of its

length. They were arranged in two linear series, one on

each side. Occasionally two eyes occur close together, and

one or two are placed nearer the median line than the rest.

The eyes measure "01 mm. in diameter, and consist of a clear,

lens-like structui^e pointing outwards and upwards : of a

transparent, less highly refractile central portion : and of a

hemispherical coat of sepia-coloured, rounded pigment

granules (PI. 27, fig. 63 a).

The anterior eyes are placed in the nervous layer, imme-

diately below the epidermis and on the course of the nerves

given off from the front edge of the commissural brain to

supply the prostomium. Further back the eyes are sunk in

the ganglionic layer of the brain itself.

In full-grown specimens of A. ecaudata (six to seven

inches long) the eyes are still present, and apparently more
numerous than in the post-larval stage. They measure "012

mm. in diameter, and are now partially surrounded by a red

pigment in the form of minute spherical granules. They
occur in the same regions as before, but are also found in the

median brain lobe which undei-lies the nuchal organ.

In their simple form and deep situation the eyes of

Arenicola recall those of Mastobranchus (Capitellidse),
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which they also resemble in structure. The earliest stage

in the development of the eye of Nereis, figui'ed by

Andrews (1892, pi. xii, fig. 60), is directly comparable with

the grade of structure which these organs retain in Areni-

cola. The brown or red pigment is very distinctive, and

unlike the black pigment with which the epidermis is gene-

rally loaded.

The remaining sensory structures of Arenicola are the

sense-cells of the surface of the prostomium, and possibly the

notopodial sette. Whether the scattered epidermal sense-

cells which have been found in Axiothea and Clymene by

Lewis (1898) occur in Arenicola we cannot state, as we

have not specially investigated the subject, but, judging

from the general similarity between these forms in the

nervous systems and other sense-organs, it is very probable

that peripheral sense-cells will be found in Arenicola.

13. Nephridia.

The nephridia of A. marina have been investigated by

several anatomists. The general form and blood-supply

of the organ have been recorded by Cosmovici (1880),

Cunningham (1887), Benbam (1891, 1893), Kyle (1896), our-

selves (1898), and others. The detailed histology of the adult

and post-larval nephridium has so far only been desci'ibed in

detail by Benliam (1891, 1893). The chief points of interest

as yet undecided are the origin of tlie nephrostome, the

changes which the whole organ undergoes at different periods,

and the relation of the gonad to it.

The nephridia of A. Claparedii have never been fully

described, and the only drawings relating to them are found

in Jaquet's paper on the vascular system of Annelids (1886).

The nephridia of A. cristata have never been investigated,

and the descriptions of the organs iuA.Grrubii byClaparede

(1868), and in A. ecaudata by Fanvel (1899), merely relate

to the general form of the adult organ without reference to its

condition in the post-larva or to its finer histological structure.

The genus Arenicola maybe divided into two sections by
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means of the characters of the nephridia, the first section con-

taining A. marina, A. Claparedii, and A. cristata, the

second A. ecaudata and A. Grnbii.

I. The nephridia of the "marina" section agree thi'ough-

out. Each consists of a funnel or nephrostome, a secreting

portion, and a posterior terminal vesicle or bladder (PI. 24,

fig. 29). The funnel is always bright red in colour, owing to

its rich vascular supply. Its narrow slit-like aperture, which

is generally directed forwards and inwards, is bordered by

an entire plain ventral lip, and a somewhat large dorsal

lip fringed by ciliated vascular processes which are placed

moderately close together on the edge of the lip. The pro-

cesses are flattened, spatulate, or triangular structures fixed by

their narrower end to the lip of the nephridium; their flat

faces are turned towards each other. Each process, which

may be branched distally into two, three, or four, contains a

large blind diverticulum of the blood-vessel which traverses

the edge of the dorsal lip ; hence the processes are always

bright red. The free edge of the ventral lip is almost serai-

circular. The edges of both dorsal and ventral lips are

richly ciliated, and there are also very numerous long cilia

within the mouth of the funnel, the motion of which is very

obvious in fresh nephridia examined on a slide in sea water.

The secreting portion of the nephridium is a moderately thin-

walled sac, usually dark brown, sometimes almost black in

colour, owing to the presence of enormous numbers of brown

excretory granules in the cells lining the sac. The secreting

portion of the nephridium tapers posteriorly and opens into

the bladder, which is also usually brownish in colour. When
expanded the bladder is more or less spherical, but in the

contracted condition it is rosette-like. Each bladder opens

to the exterior by a small oval aperture just above and

behind the dorsal portion of a neuropodium.

Immediately behind the posterior portion of the nephro-

stome there is a small whitish or pinkish, ovoid, club-

shaped, or cylindrical mass of cells. These masses of cells

are the reproductive organs of the worm, ovaries or testes, as
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the case may be. They are not present on the first pair of

nephridia. A further account of these structures is given

below, p. 521.

A. marina.—There are six pairs of nephridia opening on

the fourth to ninth chastigerous annuli. The smallest speci-

men of A. marina which we have obtained from the sand is

13*5 mm. in length (in spirit), but as it is somewhat contracted

its length when living would probably be about 1 7 mm. The

nephridia of this specimen, which are about "5 mm. long, have

already assumed the adult form. The funnel is of consider-

able size and has well-marked lips, the dorsal one bearing from

three to five short, blunt, conical elevations, which later on

become the large spatulate processes of the older nephridinm.

The secreting portion of the first nephridinm is a rather wide,

almost S-shaped tube; that of the following nephridia is much
wider and sac-like. There is a very rich vascular supply to

all parts of the nephridium. In a specimen 44 mm. long the

nephridia are about a millimetre in length. There is little

change from the condition described above, except that all

the parts are larger; the dorsal lip of the nephrostome bears

from four to seven small blunt conical processes, and the

secretory portion is larger and more sac-like. A nephridium

from this specimen is figured in our previous paper (1898,

pi. iv, fig. 16).

Nephridia of large specimens may attain a length of 8 mm.
The funnel of such nephridia is large, and its dorsal lip bears

as many as thirty-two large spatulate processes, often branched

into two, three, or four distally. The processes are placed

slightly obliquely on the dorsal lip, i.e. a line drawn parallel to

their flat faces does not cut the lip of the nephridium at right

angles. The first pair of nephridia of A. marina is nnrepre-

sented in any other species of the genus. Their nephrostomes

are situated anterior to the third diaphragm, and the external

opening is on the fourth chretigerous annulus. In all other

species the first nephridium is situated in the segment pos-

terior to this one, with its external opening on the fifth

chsetigerous annulus. The first nephridium of other species



ANATOMY AND CLASSIFICATION OF THK AKENICOLID.E. 511

corresponds iu position to the second nephridium of A.

marina.

The first and last uephridia of A. marina are subject to

considerable variation ; the first pair especially are often

appreciably smaller than any of the sncceeding nephridia.

Out of about 160 specimens examined, we have found eight

instances, in each of which there is some considerable de-

parture from the normal condition. Six of these specimens

show reduction or loss of the first nephridium. In one case

the first nephridium of each side is very small, its secreting

portion being only as thick as an ordinary pin ; in a second

example the first nephridium of the left side is normal, but

that of the right side has no funnel ; in a third specimen the

first nephridium on each side has no funnel ; in the fourth

and fifth examples the first nephridium of one side has a very

small funnel, while the corresponding one of the other side is

represented by a funnel only ; and in the sixth specimen the

first nephridium of the left side is totally absent, the corre-

sponding right one being present but without funnel.

In the other two instances of variation the last nephridia

are affected. In a large specimen (250 mm. in length) the

sixth nephridium of the right side is normal, but the corre-

sponding one of the left side consists of funnel only. Another

specimen, 100 mm. long^ has only five pairs of nephridia

opening on the fourth to the eighth chaetigerous annuli, the

sixth pair being totally absent.

From the above records it is evident that the funnel and

the rest of the nephridium are to some extent formed in-

dependently, for in the examples of A. marina mentioned

above there are four cases in which the funnel is absent, and

three in which the nephridium is represented by a funnel only.

The first nephridium in A. Grubii is sometimes represented

by a funnel only (see p. 513), and we have also dissected and

figured a specimen of this species in which a funnel is present

in the segment behind the last normal nephridium (PI. 26,

fig. 54).

It therefore appears probable that the funnel develops at
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first quite separately from the rest of the nephridium, and
only subsequently fuses, as is known to be the case in other

Annelids. The post-larval nephridium, in fact, is only com-

parable to, e. g., the nephridium of the earthworm minus its

funnel. (For further remarks on this point see p. 519.)

A. Claparedii.—The five pairs of nephridia present in this

species open on the fifth to the ninth ch£etigerous annuli.

The nephridia are much smaller than those of A. marina,
seldom exceeding 4 mm. in length. The dorsal lip bears

ten to fifteen large ciliated, spatulate, or sometimes almost

reniform processes, several of which may be divided distally

into two or three (PI. 24, fig. 29). The first nephridium bears

no gonad, but in other respects resembles the succeeding

nephridia, and is not usually reduced in any way. In only

one example have we found any variation from the normal.

In this, a specimen about 80 mm. long, there are five

nephridia on the left side, but only four on the right, the first

one being absent.

In all our specimens of this species the secreting part of

the nephridium is not brown, but light yellow, there being

very few excretory granules present in the cells of the ne-

phridia of even large (80 mm. long) specimens. The secretory

portion of the nephridium tapers gradually posteriorly and

opens into the well-marked spherical or rosette-like vesicle.

A. cristata.—There are six pairs of nephridia in this

species opening on the fifth to tenth ch^tigerous annuli.

The Jamaican specimen, 47'5 mm. long, has very elongate

slender nephridia about 2 mm. in length. The funnel of each

bears about fifteen to twenty flattened processes, some of

which are already divided into two or three distally. The

nephridia of a large Neapolitan specimen (300 mm. long) are

naturally much larger, being 11 mm. to 15 mm. in length.

The dorsal lip of the funnel bears twenty to thirty processes

similar in shape and arrangement to those of A. marina.

The secretory portion is brown and the vesicle small and

rosette-like (being contracted in our specimens). The ne-

phridia of the large American specimen, 360 mm. long, attain
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a very large size, some of them being over 20 mm. in length

(PL 24, fig. 30). In this specimen there is a seventh com-

plete nephridium on the right side, but only the normal

number (six) on the left side.

II. The nephridia of the second section of the genus

—

containing A. ecaudata and A. Grubii—differ from those

described above in several constant characters.

They seldom exceed 7 mm. in length even in the largest

specimens of these species. The vascular ciliated processes of

the dorsal lip are less flattened than those described in the pre-

ceding section ; they are stouter, cylindrical, and digitiform,

generally branched distally. The most obvious difference is,

however, seen on examining the ventral lip, which in these

two species is deeply notched in the centre, the two halves

into which it is thus partly subdivided being semicircular

in shape. The dark brown secreting portion of the nephri-

dium and the rather lighter coloured vesicle are similar

to, but not quite as sharply demarcated as those of A.

marina.

A. Grubii.—There are five pairs of nephridia, opening,

as in A. Claparedii, on the fifth to ninth cheetigerous

annuli (PI. 25, fig. 44).

In a specimen 35 mm. long the nephridia are 1*3 mm. to

1-6 mm. long. The dorsal lip bears about eight short un-

branched vascular processes. The nephridia of full-grown

specimens are 4 mm. to 7 mm. long. The processes of the

dorsal lip are comparatively few in number, there being

usually only about 12-15 (figs. 53, 54). They are stout,

digitiform or club-shaped outgrowths, often divided into two

or occasionally three, distally. There is no sharp distinction

between the middle and terminal portions of the nephri-

dium. The terminal part is often drawn out into an irregular

somewhat foot-shaped sac (fig. 53). There is a reduction of

the first nephridium in two of the specimens we have exa-

mined. In an adult specimen from Port St. Mary the first

right nephridium is represented by a funnel and the first left

one is absent, there being only four nephridia on the left
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side. In another specimen the first left nephridium is repre-

sented by a very small funnel^ but all the other nephridia are

complete. There is an interesting abnormality in a full-

grown specimen from Naples. There is on the right side,

in the segment posterior to the fifth or last nephridium, a

small funnel about one millimetre long (fig, 54). It consists

of a well-marked dorsal lip traversed by a large blood-

vessel, and bearing six stout, club-shaped, ciliated vascular

processes. The ventral lip of the funnel is small and feebly

marked.

A. ecaudata.—There are thirteen pairs of nephridia open-

ing on the fifth to the seventeenth chsetigerous annuli.

They resemble those of A. Grubii except that the funnel is

often a little narrower from side to side, and that the

dorsal lip bears a greater number of processes. All the

nephridia, except the first pair, bear gonads, which are indeed

the most characteristic feature of a dissection of this species

(see p. 455, and figs. 45, 46, 48). The nephridium of full-

grown specimens is 5 mm. to 7 mm. long, and the dorsal lip

bears from about fifteen to twenty-five processes, many of

which are subdivided distally ; in some specimens there

are five, six, or seven branches, but in most specimens only

two or three. The secreting portion of the nephridium is

usually less stout than that of A. Grubii. The bladder is

generally large. In mature females of this species ripe ova

sometimes accumulate in the vesicle of the nephridium in

very large numbers. In such specimens there is produced

on the inner side of the nephridium a thin-walled, sac-like

outgrowth of the vesicle, 3 mm. to 4 mm. in length, through

the semi-transparent walls of which the large ripe ova may
be seen (fig. 47).

Although we have examined very many specimens of this

species we have not met with any case of reduction or loss of

nephridia, but Fauvel (1899) states that the number of ne-

phridia is only occasionally thirteen, twelve being the usual

number, the last pair of nephridia being absent from his

specimens.
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Histology of the Nephridia.—There is a close simi-

larity between the different species of Arenicola in refer-

ence to the histology of the nephridia. The lips of the

nephrostome are lined by a single layer of ciliated columnar

cells. In young specimens the cells are smallj and the

greater part of each cell is occupied by the deeply stain-

ing nucleus, but in older specimens in which the cells are

much larger, the nucleus occupies only a small portion of

the cell. Immediately within the mouth of the funnel of

A. ecaudata and A. Grubii there are numerous long ridges

or corrugations, which converge towards the entrance to the

secreting part of the nephridium. This region of the funnel

is very richly ciliated, and in fact, if a living nephridium

be examined in sea-water on a slide, the ciliary action is

most obvious in this portion of the organ.

There is a moderately sharp line of demarcation between

the cells of the funnel, which are columnar, sti-ongly ciliated,

and have no concretions ; and the cubical columnar or pear-

shaped cells of the secretory portion of the nephridium, which

even in young specimens contain some excretory granules.

Sections of young specimens show that the cells lining the

middle portion of the nephridium are ciliated on their inner

ends, and their somewhat vacuolated protoplasm contains

only comparatively few concretions.

In old specimens, however, concretions are very numerous,

and in the nephridia of a full-grown specimen of A. ecaudata
which we have cut into sections the concretions are of two

different kinds (PI. 26, fig. 49). The columnar or pear-

shaped cells which line the secretory portion of these ne-

phridia are about 20^ to 30 ^ in length. The distal portion

of the cell which projects into the nephridial cavity is quite

clear, nothing but the very thin cell-wall being visible, looking

almost like a " collar." The protoplasm of the middle por-

tion of the cell (for a distance of about 10 ju) contains

numerous minute, more or less spherical granules, which stain

quite black with iron-htematoxylin ; while in the protoplasm of

the basal portion of the cell there is often a considerable mass
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of small spherical yellow granules whicli are not stained by

haematoxylin. In another specimen of the same species the

distal fourth of the cell is almost hyaline, containing only a

small amount of granular protoplasm ; and the concretions,

which are in this example all yellow, are situated in the

middle part of the cell only. In nephridia from full-sized

specimens the cells invariably present the appearances

described above, the distal portion of the cell being very

constantly free from granules. Granules are discharged

from the cells into the cavity of the nephridium, as we have

found rather large collections of yellow excretory granules

in the lumen of the organ. We believe each cell bears a

long cilium, but it is very difficult to distinguish between

cilia, the very thin walls of the distal portion of adjacent

cells, and also the fibrils of the coagulum in the nephridial

cavity ; but we have seen in some preparations cilia similar to

those drawn by Benham in A. marina (1891, pi. xxv, fig.

41). In this case, as in A. ecaudata, each cell bears a

single moderately long flagellum (about 5ju in length) on its

clear distal end.

Both the funnel and the secreting portion of the nephri-

dium are covered by a thin laj^er of coelomic epithelium. In

the middle region of the secretory portion of the organ there

is a very thin, almost structureless layer, apparently of the

nature of connective tissue, between the secretory cells and

the ccelomic epithelium, while in the walls of the posterior

portion, i. e. the vesicle, there is a thin layer of muscle-fibres

in a corresponding position between the two cell layers. In

young specimens the cells of the vesicle contain fewer granules

than those of the secreting portion of the nephridium, but in

old specimens there is little difference in this respect between

the cells of the two regions.

Blood-vessels of the Nephridia.—All the nephridia

of the various species of Arenicola (except the first and

second of A. Grubii and A. ecaudata) are supplied with

blood by segmentally arranged branches of the ventral vessel.

The first nephridia of A. Grubii and of A. ecaudata are
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supplied by a branch from the dorsal vessel^ and the second

nephridia by a branch from the dorsal longitudinal vessel

(PI. 25, figs. 44, 45, D.L.F.).

The afferent nephridial vessel, given off from the ventral

vessel, divides on approaching the nephridiam, one branch

passing to the setal sac and body-wall Cand to the gill when

present), and the other to the nephridium. The latter goes

directly towards the nephrostome, but generally just before

reaching it, divides, sending off a branch to the anterior

secretory portion of the nephridium (fig. 53). The vessel

then enters the nephrostome, its main portion traversing

the dorsal lip close to its edge and sending a blind vessel

into each ciliated process. Immediately after entering the

nephrostome the vessel gives off a branch to the ventral lip,

and from this and from the vessel of the dorsal lip, numerous

small vessels pass to the two lips of the funnel, forming a

close network upon them. Benham has pointed out (1891)

that in A. marina some of the vessels on the funnel have

blind dilated terminations. We have also found similar

blindly-ending vessels on the funnels of A. Grubii and A,

ecaudata (figs. 46, 48).

After traversing the dorsal lip of the nephrostome, the

large vessel leaves it at the posterior angle, where it is

usually joined by the vessel which has traversed the ventral

lip. It is sometimes also joined by a vessel from the anterior

secreting part of the nephridium. The vessel so formed is

the gonidial vessel, which runs parallel to and applied to, the

secreting part of the nephridium, ramifying on the posterior

part of this portion of the organ and on the bladder. The

cells covering the anterior portion of the vessel proliferate

and give rise to a mass of reproductive cells. No gonad is

formed on the gonidial vessel of the first nephridium in any

species of Arenicola. In A. ecaudata and A. cristata

the gonad extends along the greater part of the vessel, in the

former species covering the vessel from the point at which it

leaves the funnel almost until it reaches the vesicle of the

nephridium (figs. 46, 48).
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The anterior portion of the secreting part of the nephri-

dium is supplied with blood by a vessel given off from the

nephiidial vessel just before entering the nephrostome ;
while

the posterior portion and the bladder are supplied by the

gonidial vessel. The branches of these vessels form a close

network upon the nephridiura (figs. 46, 48), which is well

developed even in young specimens (Gamble and Ashworth,

1898, pi. V, fig. 18). As pointed out by Benham (1891),

the network of vessels lies between the secreting epithelium

and the coelomic epithelium which covers the nephridium

(fig. 49).

In A. Claparedii there is a tuft of filiform, blmdly-ending

vessels given off from the gonidial vessel as it leaves the pos-

terior angle of the nephrostome (PI.' 24, fig. 29). These

vessels, which are 1 to 2 mm. long, are free at their distal

blind ends. They have very thin walls, on some of which

small brown cells (probably chlorogogenous) may be seen.

A few similar vessels are also given off all along the course

of the gonidial vessel, but they are found chiefly in the region

of the gonad. A few are also given off the afferent nephridial

vessel before it reaches the nephrostome. Similar vessels

are also found in A. Grubii in association with the vessels of

the body-wall in the region of the nephridia (PI. 26, fig. 64).

The blindly-ending vessels given off from the gonidial vessel

of A. Claparedii, are probably homologous with the similar

vessels which grow out from the gonidial vessel of A.

ecaudata, and around which the gonads are developed,

thouo-h in the former species these vessels are not associated

with the gonad in any way.

The first three nephridia of A. marina, the first two of

A. Claparedii, and the first of A. cristata return blood to

the dorsal vessel. The blood from the fourth nephridium of

A. marina,^ the third of A. Claparedii, and the second and

1 Since writing our previous paper (1898) we Lave Found tliatin A. marina

the vessel printed in red ou Plate 'i, fig. 5, and lettered N. Eff}, is not, as it

appears to be, a blood-vessel with thick walls, but is a solid cord of connective

tissue which accompanies the afferent vessel {N. Aff}) of the fourth nephridium
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third of A. cristata is collected into vessels whicli open into

the parietal vessel or into the nephridial vessel. The remain-

ing nephridia of these three species return blood to the sub-

intestinal vessel (PI. 24, figs. 26, 30).

The blood whicli passes through the nephridia of A*
Grubii, and all except the last two nephridia of A. ecau-
data, is returned to the longitudinal nephridial vessels, which

are much more highly developed in these two species than in

the other three species (PI. 25, figs. 44, 45, and PI. 26, figs.

53, 54).

Nephridia of Post-larval Stages.—A. marina.

—

As in the adult, there are six pairs of nephridia, opening

near the fourth to the ninth neuropodia. The first nephri-

dium is in some cases smaller than the others (see Benham,

1893, p. 52). We can confirm Benham's account of the

structure of these organs of the post-larva in all particulars.

The nephridium is a simple, slightly bent tube, opening

anteriorly into the coelom by a small round or oval aperture,

which is 'quite simple, i.e. there is no funnel. The nephi'i-

dium is of almost uniform diameter throughout, and its

walls are formed of a single layer of columnar or cubical

ciliated cells covered by an exceedingly delicate layer

of coelomic epithelium. In our specimen (4'5 mm. long)

the cells of the nephridium are apparently all alike, but

Benham found in a post-larva {6'8 mm. long) probably a

little older than ours that the cells of the anterior part of

the nephridium contain excretory granules Avhich are not

present in the cells of the posterior portion. In our specimen

4" 5 mm. long the nephridia are '12 mm. to *15 mm. in length,

along its course from the ventral vessel to llie neplirostome. It is generally

whitish, but sometimes pinkish in colour in life, and may readily be mistaken

(as it has also been by Milne Edwards and Cosmovici) for a blood-vessel with

thick walls. Such, however, is not the case ; it is a strand of connective tissue

homologous with the strand occurring in exactly the same position in A.

cristata and A. Grubii. Thus the first efi"erent vessel passing to the sub-

intestinal vessel in A. marina, is in the segment behind the one which bears

this deceptive connective-tissue strand, i. e. in the first gill-bearing segment.
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while in Benham's specimen the nephridia are about '.S mm.

long.

A. ecaudata.—A post-larva, 7-2 mm. long, was embedded

in paraffin, and cut transversely as far back as the beginning

of the nephridial region. The remainder of the specimen

was afterwards cut sagittally until the middle line, as indicated

by the nerve-cord, was reached ; the paraffin was then

thoroughly removed from the portion of the worm still in the

paraffin block by solution in xylol, and the half of the ali-

mentary canal remaining in the body of the worm dissected

out, thus leaving only the body-wall and the nephridia

attached to it. The object was then transferred to thick

cedar-wood oil, in which it became transparent, thus enabling

the observer to examine the nephridia in detail. The object

as it now appears is represented in PL 26, fig. 50.

The nephridia of this specimen are all provided with

funnels ; the anterior ones are large, but the posterior ones

are much smaller. The thick lips of the funnel are formed

by cubical ciliated cells, the greater part of which is occupied

by the deeply staining nucleus. The long cilia of these cells

hang into the mouth of the funnel. On the dorsal lip of the

second nephridium there is at one point a small conical heap

of cells, the commencement of the first vascular process of

the lip. The funnels of several of the nephridia are bent

or twisted upon themselves ; those of the last four or five

nephridia are smaller and simpler than the anterior ones.

The funnels of the ninth and tenth nephridia are connected

to the secreting portion of the organ by an elongated narrow

tube ('06 mm. and '1 mm. in length respectively) ; those of

th.e other nephridia are almost sessile upon the secreting por-

tion of the organ. The secretory portion of the nephridium

is a somewhat irregular, thin-walled, hollow sac, the walls of

which are formed by a single layer of ciliated columnar cells

whicli contain very numerous excretory granules, which stain

black with iron-heematoxylin. There is no line of demarca-

tion between the secretory and terminal portion of the

nephridium. The cells of the latter also contain excretory
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granules, though not quite in such large numbers as those of

the middle portion of the nephridium. The whole nephridium

is covered by a very thin layer of coelomic epithelium. In

both this and another post-larva we have carefully examined

the segments anterior and posterior to those in which the

nephridia occur, but have found no traces of rudimentary

nephridia in these segments.

14. Reproductive Organs.

The reproductive organs of A. marina have been described

by Cosmovici (1880), Cunningham (1887, 1888), Kyle (1896),

and others, but until very recently these organs had been

investigated in this species only. Our former paper (1898,

p. 33) contains the first reference to the large and complicated

gonads of A. e can data, and a brief description of them has

been subsequently given by Fauvel (1899).

The reproductive organs of Arenicola are closely asso-

ciated with the nephridia. Immediately behind and con-

tinuous with, the posterior portion of the nephrostome there

is a small whitish or pinkish mass of cells, ovoid, club-shaped,

or cylindrical (PI. 24, fig. 29, and PL 26, figs. 53, 54). This is

one of the reproductive organs, ovaries or testes as the case

may be. The gonad is developed around, or in contact with,

a large branch of the afferent nephridial vessel, which we may
call the gonidial vessel. The afferent nephridial vessel, after

giving off a branch to the seta8 and body-wall, generally gives

off a branch to the secretory portion of the nephridium, the

main portion of the vessel traversing the dorsal lip of the

nephrostome. On entering the nephrostome, this vessel often

gives off a branch which runs across the ventral lip, and joins

the vessel from the dorsal lip again as it leaves the nephro-

stome (PI. 26, figs. 46, 48). The vessel which leaves the

nephrostome and runs down the inner side of the secretory

portion of the nephridium is the gonidial vessel, and around

this the gonad is developed by proliferation of its peritoneal

covering.
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Gonads are not present on the first pair of nephridia^ but

tlie gonidial vessel has the usual position and relations. On
the first uephridia of A. e can data (as will be further

described below) there is, however, a distinct strand of tissue

homologous with the genital strand, and occupying a similar

position, but not producing reproductive cells (PI. 26, figs.

46, 48, 0. 8t7\). The gonad is a closely packed mass of cells,

in which at the anterior end, i. e. at the end in contact with

the nephrostome, the cells are small, almost uniform in size,

and have well-marked, deeply staining nuclei. In the middle

and posterior portions of its length, the cells on the surface of

the gonad become differentiated, and in females young ova,

in males young spermagonia, may be recognised. The

anterior portion of the gonad is covered by a thin layer of

coelomic epithelium, but the portion of the gonad from which

young ova or spermagonia are being shed is not covered by

an epithelium. The ova remain attached to the gonad until

they have attained a diameter of 16 /x to 20 ju. On reaching

this size they are shed from the surface of the ovary into the

coelom, where they complete their development. At the sur-

face of the testes there may often be seen groups of two, four,

or eight cells—young spermagonia,—which at this stage are

shed into the coelom and there undergo the numerous

divisions resulting in the formation of the large masses of

spermatids figured in our former paper (1898, PI. 5, fig. 34).

These remarks on gonads apply to all the species except

A. e can data, in which the reproductive organs are much

more complicated (see p. 524).

The gonidial vessel is developed on the nephridia in very

early life. It may easily be recognised in a specimen of A.

marina 17 mm. long; and in the last four nephridia of a

specimen of A. Grubii 35 mm. long, the cells of the peritoneal

covering of the gonidial vessel have already begun to pro-

liferate, and have given rise, for a distance of "5 mm. to "6 mm.

to a cylindrical covering of small uniform reproductive cells

with well-marked nuclei. In A. marina the gonads do not

appear until the specimens are somewhat larger ; e.g. they
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are exceedingly small but just recognisable in a specimen

44 mm. long.

In full-grown specimens of A. marina the gonad on the

last five pairs of nepliridia is a somewhat elongated, club-

sliaped, or cylindrical body, from •4. mm. to 1 mm. in length,

surrounding the gouidial vessel immediately after it leaves

the funnel. Cosmovici (1880) says that there are six pairs of

gonads, but in all our specimens there are only five, the first

nepliridia not bearing gonads.

In A. Claparedii the gonad which is present only on the

last four pairs of nepliridia occupies a similar position to

that of A. marina. It is ovoid or club-shaped, and about

•4 mm. to '9 mm. long (PI. 24, fig. 29).

As in the two preceding species, the first nephridium of

A. cr is tat a bears no gonad, but the gonidial vessel is

present. The gonidial vessel of the other five pairs of

nephridia is thinly covered by genital tissue from the point

at which it leaves the posterior portion of the nephrostome

almost until it reaches the vesicle, a distance of 5 mm. to

7 mm. in the specimen shown in PL 24, fig. 30.

The gonadsof A. Grubii appear early,being already present

on the last four pairs of nephridia of a specimen 35 mm. long.

At this stage the gonad consists of a small cylindrical mass

of small uniform cells with well-marked nuclei covering the

gonidial vessel, but it is impossible yet to say whether they

will give rise to ova or spermatozoa. In the adult the gonad

is a club-shaped or cylindrical structure, 1'3 mm. to 1'5 mm.
long, surrounding the gonidial vessel (PL 26, figs. 53, 54).

The first nephridium has a well-developed gonidial vessel,

but no genital cells are formed upon it. The cells covering

the vessel are brown in colour, due to the presence in them

of chlorogogenous granules.

The gonads of A. ecaudata differ considerably from those

of any other specieSj being larger, more complicated, and

more numerous, there being twelve pairs (PL 26, fig. 45).

On each side of the nephrostomes of this species there is a

strand of cells which, owing to the numerous well-marked
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nuclei of its cells^ stains deeply with liaBmatoxylin, carmine,

etc. (PL 26, figs. 46, 48), Only one of these strands {Gen.

Str.), the longer one nearer the middle of the body of the

animal, gives rise to gonads. The other strand (C Str.),

which is shorter, often bears small heaps of cells produced by

proliferation of the strand ; these possibly give rise to coelomic

corpuscles.

Both these strands are present on the first pair of

nephridia of this species, but the genital strand in these

nephridia always remains small and thin, being discernible

as a thin covering on the inner side of the gonidial vessel,

and never giving rise to gonads. In the posterior nephridia

of a young female specimen about 120 mm. long the gonad

very much resembles that of an adult A. Grubii. It is a

cylindrical mass of cells, thickened somewhat posteriorly,

surrounding the gonidial vessel for a distance of about

1*5 mm. behind the nephrostome. It is not possible to say

with certainty from an examination of this gonad whether

the cells will give rise to ova or spermatozoa. The gonads

of the anterior nepbridia of this specimen are rather more

advanced, and they already show young ova.

In adult specimens the genital strand runs from its point of

origin on the funnel, parallel with, and closely applied to, the

secretory portion of the nephridium along its whole length.

From this strand, Avhich is traversed axially by the gonidial

vessel, the large genital organs of the adult are produced.

In the female the genital strand soon gives rise to a few

digitiform outgrowths, which at first are small, blunt, and

conical, but later they become more numerous (there may be

twenty to thirty), elongated and flattened, or filiform, attain-

ing a length of 8 to 5 mm. (PI. 25, fig. 45, and PI. 26, fig. 46).

At first the cells of these processes, which are obviously

young ova, are nearly equal in size, being about 15 /u in

diameter, and having large vesicular nuclei. In old speci-

mens, however, each process bears ova in every stage of

development, from the smallest recognisable to the almost

ripe ova, which are surrounded by their thick conspicuous
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vitelline membrane. Young ova are found along tlie axis of

each process in close association with the vessels which

traverse the process. They are, in fact, formed from the cells

covering the vessel, just as are the gonads of other species

(PI. 26, fig. 51).

The vessels passing into the processes are at first blind

outgrowths of the gonidial vessel (as recorded by Fauvel,

1899, p. 27) ; but later, when two or more vessels are present

in one process, there are transverse connections which place

the vessels of the process in intimate communication with

each other (fig. 52). These vessels are probably homologous

with the tuft of blind vessels given off from the gonidial

vessel of A. Claparedii (PI. 24, fig. 26), but in the latter

species they are not associated with the gonad, their cellular

covering being chlorogogenous.

The genital strand of the female A. ecaudata, which is of

considerable thickness, is covered by a layer of unaltered

epithelium, which also covers each process, and which is

ruptured when the ova are shed into the coelom (fig. 51).

The genital strand and the processes arising from it, may be

regarded as the ovary of this species, which thus reaches a

greater size and complication than that of any other species

of Arenicola.

In males there are also two strands commencing on each

nephrostome and running backwards, the one only a short

distance, but the other closely applied to and along nearly

the whole length of, the secreting portion of the nephridium.

Only the latter, which is on the inner side of the nephridium,

gives rise to gonads. From this strand there is produced on

the inner side towards the middle line, one (or in some cases

two or three or even four) pinkish, greyish, or milk-white,

thin reniform outgrowths, which may attain a length of

5 mm. to 7 mm., and a breadth of 3 mm. to 5 mm. (fig. 48).

The thickness of these reniform sacs is only about a milli-

metre. Each contains spermatozoa in all stages of develop-

ment. The gonidial vessel which runs through the genital

strand gives off several branches into the reniform lobe.
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The cells covering these branches of the gonidial vessel give

rise to male genital cells ; and the younger stages in their

development are therefore found in close association with

the blood-vessels of the lobe. The male genital cells are at

first small, uniform in size, and have large, sometimes

vesicular nuclei. These soon undergo divisions resulting in

the formation of stages in the development of spermatozoa

similar to those which are found in the coelomic fluid of

other species (see Gamble and Ashworth, 1898, PL 5,

figs. 30—34) . As in the female, the superficial portion of

the genital strand is unaltered epithelium, which also forms

the outer membranous covering of the reniform lobe within

which the developing spermatozoa are contained. The

branches of the gonidial vessel divide freely among the

developing spermatozoa, so that every portion of the reni-

form lobe is well supplied with blood. The genital strand

and the reniform lobe (or lobes) together form the testes of

the worm.

In other species the reproductive cells leave the small

gonad at a very early stage of their development, and com-

plete their development while in the coelomic fluid. In

A. ecaudata the reproductive organs are large, being

produced in one or more outgrowths covered by epithelium,

and well supplied with blood-vessels. The reproductive

cells retain their connection with the gonad for a much

longer period, and in fact are not discharged until they are

nearly ripe. Hence reproductive cells in an advanced stage

of development only are found in the coelomic fluid of this

species.

When the ova have attained a diameter of about 16 to 20//,

they break through the coelomic epithelium of the gonad

and fall into the coelom (except in A. ecaudata, in which

they are retained until they are almost ripe). The nucleus

increases in size and becomes vesicular, its diameter being

about half that of the ovum. There is generally also a well-

marked germinal spot or nucleolus. Very small yolk granules

ai*e deposited in the protoplasm. They are most abundant
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round the nucleus^ the peripheral portion of the protoplasm

containing very little yolk (fig. 51).

The ripe ova of the various species are almost equal in

size. Those of A. marina are the largest. They are gener-

ally spherical, about '16 mm. in diameter, and have a distinct

but thin vitelline membrane. The ripe ova of A. Claparedii

are spherical, or sometimes rather oval, about .'14 mm. in

diameter, and similar in every respect to those of the common
lugworm. The spherical or slightly oval ova of A. cristata,

which are about '14 mm, in diametei', have a rather thick

vitelline membrane, thus differing from the two species pre-

viously mentioned. The ripe ova of A. Grubii and A.

ecaudata are identical in shape, size, and other characters.

They are generally oval in shape, though some are spherical.

The average length of their longer diameter is '13 mm. to

•14 mm. They have a thick vitelline membrane (fig. 51).

The spermatozoa of all species of Arenicola develop in a

manner similar to those of A. marina, briefly described in

our former paper (1898, p. 32, and PI. 5, figs. 29—34).

Except in A. ecaudata the male genital cell falls from the

testes after two or three divisions, and completes its develop-

ment while in the coelomic fluid. Farther divisions result in

the formation of a disc-shaped mass of spermatids containing

a central cavity in which there is a small coagulum, the

remains of the blastophore. We have hitherto seen only the

ripe spermatozoa of A. marina (1898, PL 5, fig. 29), but

those of A. Grrubii have been seen and figured by Claparede

(1868, p. 299, and PI. 19, fig. 2, c). The latter closely

resemble those of A. marina, except that they are somewhat
smaller.

The genital products escape by means of the nephridia.

Although the first pair of nephridia do not bear gonads they

nevertheless, like the other nephridia, serve as genital ducts.

The terminal portions of the nephridia are, during the breed-

ing season, often distended with ova or spermatozoa. In a

specimen of A. marina, 200 mm. long, the vesicles of some
of the nephi'idia measured 14 mm. in length and about
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6 mm. in width owing to distension by ova, while in another

specimen the vesicles of the nephi'idia were filled with sperms,

and were 5 mm. in length and 4 mm. broad. In mature

females of A. ecaudata ripe ova accumulate in large num-

bers in the vesicles of the nephridia, producing on the inner

side of the vesicles thin sac-like outgrowths which may attain

a length of 4 mm. to 5 mm. (fig. 47).

15. The Specific Characters and Classification

of the Arenicolidas.

The characters which chsetopodists have relied upon when

separating the different species of Arenicola, and which

are in general use throughout the Polychgetes, are furnished

by the external organs. The general divisions of the body,

the arrangement and structure of the gills, parapodia, and

setae, are thought sufiicient to differentiate one species from

another. The internal anatomy has not been so carefully

studied from this point of view, with the exception of the pro-

stomium and otocysts, which have been carefully examined by

Ehlers. The result of his work was, amongst other things,

to show that, with reference to these organs, the species exhi-

bited a series of developmental stages. The otocysts, for

instance, proved to be very different in A. Grubii from those

of A. marina, while they are absent (or, as Ehlers concluded,

merely indicated) in A. Claparedii. With the exception

of this paper, however, there has been no attempt to show

how far the internal organs furnish evidence for specific

characters. It has been thought that external features were

sufficient.

The result of this idea of the sufficiency of obvious marks

is well shown by the confusion of different species under one

name, and by the same form at different stages of growth

receiving different names. As an example of the first kind

of mistake we may refer to the doubt which has so long

hung over the specific identity of A. ecaudata. Named
originally by Johnson in 1835, it has been confused with A.
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Grubii so long that even Ehlers himself doubted it being a

distinct form. Yet a moment's glance at the internal anatomy

would show that it is by far the most singular species of the

genus, in possessing voluminous complex ovaries or testes

and a larger number of nephridia than any other member
of the family. The confusion between A. Olaparedii and

A. marina is another case due largely to the exclusive value

set upon external features in discriminating species.

The second class of error, that of regarding young forms of a

given species as distinct from it, is due not only to the lack

of comparison between the internal organs of young and old

stages, but also to the lack of perception of the important fact,

that even such features as setaa and gills, are not precisely

similar in form in the post-larva as in the adult. In fact,

there are two kinds of variation which systematists have to

reckon with,—developmental variation in such organs as setae,

of which several different sets appear in an individual's life-

time ; and variation in the homologous organs of the indi-

viduals of a species. If it can be shown that the first kind

of variation in the case of any organ, e. g. setae, is as great

as, and similar to, the variation of the second kind, then

such an organ ought not to be employed for accurate specific

diagnosis. By disregarding this principle, Mesnil (1897)

recently published a paper which contained an account of

some form intermediate between the ArenicolidsG and Mal-

danidse. These intermediate forms were referred to the

genus Clymenides of Claparede, on the ground of external

characters, sette and the absence of gills. Further, Mesnil

endeavoured to pi'ove that the post-larval stages of Areni-

cola marina, described fully by Benham (1893) from speci-

mens taken at Plymouth, were in reality also members of

this genus Clymenides, which he regarded as combining

characters found in Arenicolidse and Maldanidse, and as

forming a parallel series to the species of Arenicola. Soon

after the publication of this paper, however, another appeared

by the same author, in which he showed that his so-called

species of Clymenides were partly species of Arenicola
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and partly of Branchiomaldane, a form described origi-

nally by Langerhans from the Canary Islands.

These examples suffice to show^ first, that the two kinds of

variation must be ascertained ; and second, that the internal

organs must be reckoned with in an attempt to base the classi-

fication of the members of the genus on a firm footing.

The question, then, which is raised by these considerations is.

What variation do the organs of Arenicola exhibit in differ-

ent specimens and in the growth of the individual ? When
the range of these variations is known, the systematic arrange-

ment of the growth-stages and the adults will be more soundly

based than heretofore. The gills and sette may first be

considered, as they are usually held to be diagnostic. With

reference to the gills we have shown that the common lug-

worm has two varieties of the gill, a pinnate and a dendritic

type. The pinnate type also occurs in A. cristata and less

conspicuously in A. Clap are dii. These three species cannot

then be separated by appealing to the form of the gill-plumes,

though as a group they are clearly separated by their common

type of gill from the two remaining forms, A. Grubii and

A. ecaudata, in which the mode of branching is quite dis-

tinct, but which agree so closely inter se in the matter as

to be indistinguishable on this character alone. With regard

to the development of the gills, different post-larvalindividuals

of A. marina vary in the time of origin and relative degree

of growth of these organs, but in all cases the gills appear to

arise in the centre of the future branchial region and spread

forwards and backwards. Accordingly until the full number

is attained it would be impossible to separate any of the three

caudate species of Arenicola by the position and number of

their gills.

The setae show very much the same kind of variation.

Their form and characters are gradually changing through-

out life, so that there are very considerable differences

between the set« of a given species taken from specimens of

different age, diffei'ences more considerable in some cases than

between the sette of specimens of the same age but of different
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species. For example^ the neuropodial chgetee of post-larval

stages of A. ecaudata are totally different from the crotchets

of a full-grown specimen, but after examining a long series

of preparations we cannot find any constant feature by

which the crotchets of full-grown A. ecaudata may be

distinguished from those of full-grown A. Grubii. There

are differences between adult individuals of A. marina, and

there is a considerable amount of difference between the

early post-larval setee and those of the full-grown worm.

In the post-larva there are two kinds of notopodial bristles

(spear-shaped and capillary), and three kinds of neuropodial

ones (one-, two-, and three-hooked j, and among the latter the

subrostral processes may be distinct, faint, or absent. Again,

as Mesnil has pointed out_, sette identical in form with those

of neui'opodia occur in the notopodia of early post-larval A.

ecaudata, disappearing later on, and the same holds true

for A. cristata. When we further consider that the differ-

ences between the setse of any of the species is not greater

than the difference between the earlier and later formed setee

in one individual, the systematic value of these organs

becomes in this genus practically nil, although by contrast

with other genera they may have a certain generic value,

though this is lessened by the distinctly Maldanid character

of the setse in the post-larval stages (the curved rostrum and

the subrostral process of the neuropodial crotchets, and the

hastate notopodial setee)

.

The prostomium has not usually been employed for dis-

criminating species, since it is often concealed in the nuchal

groove. Moreover anyone who has examined a long series

of A. ecaudata and A. Grubii will realise how apparently

identical are the prostomial outlines and indentations. But

we are able to show that A. cristata and A. marina have

quite as similar prostomia, and further that in A. Claparedii

there is considerable range of variation, though none of the

terms approach to A. marina or A. Grubii. In this respect,

however, A. Claparedii is well separated by its compara-

tively large and well-developed prostomium.

VOL. 43, PART 3,—NEW SERIES.
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We have tested an external character which has not been

hitherto much examined—the number of nephridiopores. Of

these there are six pairs in A. marina, the last five of which

are present in Claparedii, cristata, and Grubii. A. ecau-
data is, however, easily separated by the thirteen pairs; the

first five of these correspond with those of A. Grubii.

Partly, then, because of the close agreement of three fourths

of the genus, partly because of the difficulty of detecting the

apertures in contracted specimens, the number of nephridio-

pores can only be ancillary in systematic work.

On the whole, then, it must be admitted that the external

characters usually relied upon by chtetopodists fail to sepa-

rate the species of Arenicola, for though they may be of

generic value, the specific differences which they afford are

either paralleled by individual variation, or are too slight to

admit of satisfactory definition. It therefore behoves us to

seek diagnostic characters in the features of the internal

anatomy.

Two years ago we came to the conclusion that Arenicola
Grubii and A. ecaudata form a separate section of the

genus, characterised by the suppression of the prostomium,

the extension of parapodia and gills to the hinder end of the

body, and by the possession of closed otocysts, with at first

one and afterwards many otoliths, which are secreted from

within, not introduced from without. Mesnil has come to the

same conclusion, and has suggested a separate genus Areni-
colides for these two forms. Such a step appears to us inad-

visable. The reduction of the prostomium, and pari passu
the simplification of the '' brain," form the most important

character which could be adduced to support the erection of

a new genus ; for the posterior extension of parapodia and

their associated structures, though very valuable for practical

purposes of determining forms, is a feature shared by Bran-
chiomaldane, and a posterior extension occurs occasionally

in A. cristata. The peculiarity of the otocysts is nearly

paralleled by A. cristata, which possesses a closed vesicle,

but only a single large otolith of endogenous origin. Finally,
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the presence of thirteen pairs of nephridia and the large

genital sacs appended to them (except the first pair) in A.

ecaudata is a feature by which this species is sharply dis-

tinguished from all the rest. The balance of evidence does

not seem suflficient to justify the union of A. Grubii and A.

ecaudata into a distinct genus, although they form a distinct

section of the genus.

The genus Arenicola may, then, be divided into two

sections, the first containing A. marina, A. Claparedii, A,

cristata, characterised by a well-marked prostomium, a well-

developed brain with anterior and posterior cerebral lobes,

the presence of six pairs of nephridia in segments 4 to 9

or five pairs in segments 5 to 9, and the absence of the

gills and parapodia from the posterior region. The second

section contains A. Grubii and A. ecaudata, with simple

conical non-lobate prostomium and commissural brain, and the

gills and setigerous sacs continued backwards to the pygidium.

Of the first section A. Claparedii is the most distinct.

The prostomium is complexly folded, and produced laterally

into short hollow processes into which the anterior cerebral

lobes are extended. The otocysts are absent. The meta-

stomial grooves are very distinct, and expanded at their origin

just behind the nuchal groove. This expansion has been

previously considered (Ehlers) as indicating the position of

otocyst, but there is a similar expansion of the groove in A.

marina, and it does not occur in the region accurately corre-

sponding to the opening of the otocyst. Internally, the

multiple oesophageal glands and the absence of diaphrag-

matic pouches are distinctive. Five pairs of nephridia are

present.

A. marina and A. cristata are closely similar to each

other in many points, such as the prostomium, brain, and

many of the external characters. The former, however, has

two additional pairs of gills. The presence of a nephridium in

the third chtetigerous segment, opening just behind the fourth

row of neuropodial ch^tae, and the possession of an external

aperture to the otocyst, and presence of foreign particles
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serving as otoliths, distinguish A. marina. A. cristata

sometimes, but by no means always, has small cirriform pro-

cesses on the achsetous caudal region. One diagnostic feature

of A. cristata is the closed otocyst with its single large

otolith formed by secretion of the walls of the vesicle, and in-

creasing in size apparently throughout life. There are six

pairs of nephridia and sometimes a seventh, but the first pair

correspond to the second nephridia of A. marina.

Enough has already been said to differentiate the members

of the second section. The large number of nephridia and

the size of the gonads readily separate A. ecaudata from A.

Grubii, which has only the five pairs of nephridia found in

some of the first section of the genus. The gills commence

on the sixteenth chaetigerous segment in A. ecaudata, on

the twelfth in A. Grubii ; and this arrangement is so constant

that in rare cases (A. Grubii) where the gills commence on

the thirteenth segment, the first branchiferous segment should

then be reckoned really as equivalent to the second in the

typical arrangement. The arrangement of afferent and effer-

ent vessels, and their presence, even when the true first gill is

very small (or absent), fully confirm this manner of regarding

the position of the first gill as a really fixed point. In this

connection we may remark that it would conduce to reliable

systematic work if the doubtful species A. branchial is,

Audouin and Milne-Edwards, were altogether neglected, since

the original description does not accord with that of any

accurately known species of Arenicola ; no naturalist has found

an undoubted specimen of that form, though many have

worked at the locality (St. Vaast) where it was obtained by

Audouin and Milne-Edwards. Lastly, the original speci-

mens at Paris and those named by Johnston in the British

Museum have been lost.

Having settled the diagnostic features of the species of

Arenicola as seen in adult forms, we must now shortly dis-

cuss how the post-larval stages can be discriminated, using

the term post-larval in the sense already indicated, as imply-

ing an Arenicola with the full number of segments, but in
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which the gills were either not present or not in the full

number.

Hitherto only three species have been seen in this stage,

A. marina, A. cristata, and A. ecaudata, and each of

these differs from the adult in the arrangement and the form of

the gills, setaG, and to a lesser extent the form of prostomium
;

but can only be adequately determined by the nature of the

otocysts, oesophageal pouches, and nephridia. The gills arise

in A. marina as hollow papillte in the centre of the branchial

region, and are marked by their efferent and afferent vessels.

Their rate of development appears to vary, but possibly is

constant for the young of the ''Laminarian " or pinnate-gilled,

and "^ littoral " or dendritic-gilled varieties respectively.

Hence the gills are not valuable for determining this species.

The absence of chtetae from the tail gives a characteristic

appearance to that region, but probably A. Claparedii is

similar in this respect, though its post-larval stage has not

been described. The chsetse themselves differ in A. marina
from previous descriptions of the post-larva. Notopodially

there are hastate and capillary forms ; neuropodially the

crotchets have the rostrum bent very strongly on the axis,

and above it there may be one or two (rarely three) teeth

;

below it a minute process is often present. We are thus com-

pelled to fall back on the internal organs; and the combination

of their characters—the open otocyst with foreign otoliths, the

single pair of oesophageal pouches, and the small pair of

nephridia in the third chastigerous segment unrepresented in

any other species at present known—suffices, and is only suffi-

cient, to characterise post-larval A. marina.

Somewhat similar is the case with A. ecaudata. It is

probable that the post-larval stage of A. Grubii will soon be

known ; indeed, since the latter is the commoner of the two

it is singular that its post-larval stage has not already been

met with. The post-larvce of either could be differentiated by

the sectional character—the extension of neuropodia and

notopodia almost to the hinder end of the body, and the

otocysts ; from each other by the presence in A. ecaudata of
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thirteen pairs of nephridia, in A. Grub ii of five pairs. The

characters derived from the setoe are even more inapplicable

here than in previous cases, since A. Grubii and A. ecau-

data are closely similar in this respect, except that we find

(with Mesnil) that a crotchet identical with those of the

neuropodia occurs temporarily in the notopodia of each of

the last six segments or so of A. ecaudata 10 mm. long

(P1.24, fig. 37).

These considerations lead one to a fairly wide definition of

the genus as a whole. The absence of the otocysts in A.

Claparedii unfortunately prevents the presence of these

organs being recognised as of generic value, but undoubtedly

they are one of the most critical points. Before, however,

deciding what the limits of the genus should be, it is neces-

sary to discuss Branchiomaldane, a small hermaphrodite

form, the structure and development of which is partly known

from the work of Langerhans (1881) and Mesnil (1898).

This form (for specimens of which we are indebted to the kind-

ness of M. Mesnil) is 8 to 20 mm. long, and becomes mature

when of the latter dimensions. It lives in transparent

''mucus" tubes attached to calcareous algse in the English

Channel, and also in the Canary Islands. The prostomium is

somewhat larger than that of specimens of Arenicola ecau-

data of the same size, but is similarly conical and provided

with two lateral groups of eye-spots. The peristomium is

achtetous (and next segment ?) ; the following segments, of

which there may be thirty-three to fifty- oue, bear notopodia

and neuropodia. The notopodial seto3 are intermediate be-

tween those of post-larval A. marina and A. ecaudata,

while the neuropodia! crotchets resemble those of A. marina

in every point. The distinctive character is found in the gills,

which only commence in the hinder region (segments 18 to 21),

and occur as simple or slightly bifurcated filaments up to the

pygidium, those of the central part of the branchial region

beino- larger and bearing more processes (four) than the re-

mainder, which are simple, bifid, or trifid. This character

is considered of generic value by Langerhans, and accord-
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ingly Mesnil has included Branchiomaldane as a second

genus of the family Arenicolidae. Further distinctive features

are derived from the nephridia, the absence of otocysts, and

esj)eciall3^ the sexual maturity of these hermaphrodite worms.

One or two of the early developmental stages are roughly

figured by Mesnil.

Before accepting this conclusion we may be permitted to

add some observations made on the specimens with which

M. Mesnil kindly supplied us. We have only been able to

find in a specimen 11 millimetres iong^ which we cut into

transverse sections, two pairs of ducts openiug on the fifth and
sixth chfetigerous annuli. Moreover very distinct apertures

in these segments occur in all our specimens, but Mesnil (1898)

describes a specimen 15 mm. long, " les organes segmentaires

plus ou moins pigmentes de noir dans les somites 7, 8, 9, 10."

In the later paper he states, ''II n'y a que quatre ou cinq

paires de nephridies." The two pairs of tubes in our sections

have no funnel, and resemble the nephridia of a post-larval

Arenicola in structure and relations. They contain gonads,

and apparently function as ducts. More recently Fauvel

(1899) has stated that there are three to five pairs of ne-

phridia in segments 5—9.

A point in which this Branchiomaldane differs very

widely from Arenicola is the mode of origin of the gonads.

Both ovaries and testes are found in the lateral section of the

coelom in the tail region. They certainly are not confined to

the nephridia or the nephridial region, unless there be a large

number of larval nephridia which disappear at a very early

stage. The absence of the otocysts we have confirmed. The
gills are outgrowths of the body-wall, with coelomic cavities

containing afferent and efferent blood-vessels.

On the external characters alone there is little to be said

against including Branchiomaldane in the family Areni-

colidffi. The question is whether the absence of otocysts,

the hermaphrodite character and peculiar mode of origin of

the gonads taken together form a stronger claim for affinity

to Arenicolidae or to the Maldanidae. Now one species
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of Ai-enicola (A. Claparedii) is without otocysts, but all

have at least five pairs of nephridia, and iu all species of this

genus the gonads arise directly from the peritoneal cover-

ing of the vessel supplying the nephrostome. On the other

hand, Maldanidfe have three to four pairs of nephridia (in

segments 5—8), they have no otocysts, and in so far

Branchiomaldane agrees with them. No Maldanid, how-

ever, is known which possesses gills, though Johns tenia

clymenoides has small processes on the posterior segments

which have not been fully described, and which may prove to

be respiratory, though their multiple character in each seg-

ment renders it unlikely that they are homologous with the

gills of, e.g., Arenicola or Branchio maldane. The account

of the origin of the gonads by Cosmovici (1879) in Clymene
is the only record we are aware of in the family, and shows

that they are as intimately connected with the nephridial

vessel as in Arenicola.

On the whole the evidence seems to show that Branchio-
maldane should provisionally be included as a distinct genus

in the Arenicolidae.

The characters of the family thus constituted may be stated

as follows. The body is cylindrical, elongated, and divisible

into two or three regions in addition to the prostomium.

The gills are present either in the middle region, in which

case the posterior section is acheetous as well as abranchiate,

or in the middle and posterior sections, which together form a

single chtetiferons region, but they are never present in the

anterior seven segments. In structure, the gills of Branchio-
maldane represent an arrested stage of A. marina. The
prostomium though small is distinct, and is bounded pos-

teriorly by the ciliated groove or nuchal organ. In shape it

is conical or trifoliate, with lateral hollow lobes. The pein-

stomium and next following segment appear to have fused in

the adult into an achjetous mass. This region, hoAvever, in

post-larval stage is subdivided, and bears a vestigial seta

(as shown in A. marina by Benham, and in A. ecaudata
by Mesnil) which we have failed to demonstrate satisfactorily.
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This seta belongs to tlie segment following the peristomium.

It is tempting to regard (with Ehlers) the otocysts as a pair

of modified dorsal cirri belonging to the peristomium. The
constant position of these organs, the nerve supply from the

same part of the oesophageal commissures, establish the

homology of the otocysts, but their absence in A. Claparedii
and Branchiomaldane, and the absolute lack of knowledge

of their mode of development, render it impossible to prove

this morphological explanation of them as modified dorsal

peristomial cirri.

The parapodia are but slightly indicated by a transverse

neuropodial thickening with vertical row of crotchets, and

conical notopodia with capillary set^e. The gills do not

appear to be modified cirri, since in development they are not

preceded by sensory structures, but arise at once as re-

spiratory organs.

Internally there are two or more pairs of oesophageal

pouches. The heart contains a "cardiac body" of partly

glandular, partly muscular nature, except in A. Claparedii
and A. cristata, where it is absent. Complete septa occur

in the tail region of the caudate forms, and through

the greater part of the branchial region in the ecaudate

species.

There are constantly three strong septa or " diaphragms "

at the beginning of the first, third, and fourth cheetigerous

segments. Five, six, and thirteen pairs of nephridia occur in

different species, but altogether they occupy fourteen seg-

ments (4—17). The development is only known in A.

cristata. In Arenicola generally, the gonads develop on

the peritoneal covering of the gonidial vessel, and pass out

by the nephridia themselves. The segmentation of the egg

in A. cristata is complete but somewhat unequal. The
larva is telotrochous, with a ventral band of cilia and with a

pair of eye-spots, and swims freely for a day or so ; afterwards

forming a gelatinous case, and developing its segments and

other adult organs. Hence the metamorphosis is very

slightly marked so far as is known. The various descrip-
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tions by Max Schultze^ Horst, Ounningham^ and others, of

the development of A. marina have not been made from

eggs and larvse which indubitably belong to this species or

even genus. While, if Mesnil is right in regarding Bran-
chiomaldane as an Arenicolid, its development is entirely

without metamorphosis, judging from his description and

figures.^

The following statement contains a summary of the charac-

ters of the genus and species (Woodcut, p. 542).

Arenicola.

Limnivorous Polychasta provided with numerous pairs of

branched gills, not present on the anterior seven segments.

Prostomium small or moderately well developed, bounded

posteriorly by the nuchal organ. There are no tentacles or

palps. Parapodia consisting of transversely thickened neui'o-

podia, each bearing a vertical row of crotchets, and of conical

notopodia bearing setas. In the chjetigerous region of the

body, except in the first three segments, there are four

annuli between successive chaetigerous annuli. Internally

there are three strong diaphragms at the anterior end of the

first, third, and fourth somites. There is no armature to the

pharynx. A pair of hearts places the gastric vessels in

communication with the ventral vessel. There are five, six,

or thirteen pairs of uephridia. A pair of peristomial otocysts

present except in A. Claparedii.

I. A distinct tail present, the parapodia and gills not

extending to the posterior end of the animal. The body is

often swollen anteriorly. Gills pinnate or derivable from

pinnate type, eleven to thirteen pairs, the first gills (some-

times small) on the seventh chaetigerous segment. Well-

marked prostomium consisting of a median and two lateral

lobes. Brain well developed, with anterior, middle, and

posterior lobes.

Nephridia with dorsal lip well provided with flattened

spatulate ciliated vascular processes ; ventral lip ciliated

» Mesnil (1898), p. 636, figs. 1—5,
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entire. Gonad small. Found on both sides of the North

Atlantic and on the western coasts of America.

(a) A. marina. Thirteen pairs of gills (the first may be

reduced)^ dendriform or pinnate. Otocysts opening to the

exterior. Otoliths many, composed of foreign bodies (quartz

grains, etc.). Sis pairs of nephridia opening on segments

4—9. One pair of oesophageal pouches, cyliudrical^ club-

shaped, or conical. Diaphragmatic pouches (on the first

diaphragm) small, globular, or flask-shaped. Ova spherical,

with thin vitelline membrane.

(b) A. Claparedii. Lateral lobes of prostomium well

developed. Thirteen pairs of gills, pinnate. No otocysts.

Five pairs of nephridia opening on segments 5—9. Two or

more pairs of oesophageal pouches, papilliform, digitiforra, or

filiform. No diaphragmatic pouches. Ova spherical, with

thin vitelline membrane.

(c) A. cristata. Eleven pairs of gills, pinnate. Otocysts

closed, spherical sacs, each containing a single large spherical

chitinoid otolith. Six pairs of nephridia opening on segments

6— 10. CEsophageal pouches as in A. marina. Diaphrag-

matic pouches large and finger-shaped. Ova spherical, with

moderately thick vitelline membrane.

II. No tail, the parapodia and gills continued to the pos-

terior end of the animal. Body generally of uniform diameter.

Number of gills variable, gills branched unilaterally. Pro-

stomium simple, conical, non-lobate. Brain commissural.

Otocysts closed spherical sacs, otoliths spherical. Diaphrag-

matic pouches long and finger-shaped. Oesophageal pouches

flask-shaped. Nephridia with dorsal lip bearing somewhat

cylindrical, digitiform, often branched, ciliated vascular pro-

cesses ; ventral lip deeply notched in the middle, the two

halves semicircular in shape. Ova generally oval, with thick

vitelline membrane.

(a) A. Grubii. First gill on segment 12 (may be small),

five pairs of nephridia opening on segments 5—9. Gonad

small. Twelve to twenty-eight pairs of gills.

(&) A. ecaudata. First gill on segment 16. Thirteen pairs
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^y.,

A. ecaudata.

/
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of nephridia opening on segments 5—17. Gonads large,

twelve pairs ; in females each ovary bears as many as thirty

digitiform vascular processes bearing ova ; in males each

testis is produced into one or more large thin reniform lobes.

Nineteen to forty pairs of gills.

For diagram illustrating this classification see woodcut on

p. 642.

16. Affinities of the Arenicolidae.

On account of the very incomplete condition of knowledge

concerning the anatomy and development of allied families

(Maldanidse, Oplieliida3, Scalibregmidse, Chlorhsemidse) it is

impossible to speak with any confidence of the affinities of

Arenicola.^ In its external characters (with the exception

of the gills) this genus perhaps resembles the Maldanidee

more closely than the other families. The peculiarities

of the gills, however, cannot be overlooked. They form

the distinctive mark of the genus Arenicola, and it is

probable that they are special vascular processes rather than

modified dorsal cirri. The branched gills on the first few

segments of Scalibregma and Eumenia are somewhat
similar to those of Arenicola in form, but different in

arrangement, since they are present both above the noto-

podium and below it, and they are confined to the anterior

segments, on which they never occur in Arenicola. If then

the gills in two families have been independently acquired,

we have to look for other indications of affinity.

The general agreement in the subdivision of the coelom

by septa, and the segmental blood-vessels in Arenicolidse,

Scalibregmidse, and Opheliidse has been pointed out by
Wiren (1887). In these limnivorous families the ccelom is

septate in its anterior and posterior regions, but in the

middle portion, apparently to allow the gastric loop room for

1 In this summary we purposely exclude Branchiomaldane, since its

anatomy is not suflSciently investigated. We have discussed its position on

p. 536.
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peristaltic movement, the septa have been reduced to the

narrow strip of connective tissue binding the segmental

vessels together. The three strong anterior " diaphragms/'

the loss of septa in the gastric region, and their reappear-

ance in the tail are important features which Arenicolidse,

Scalibregmidte, and Opheliidae have in common. The ne-

phridia of the three families agree in general form. In the

8calibregmida9 they have never, of recent years, been care-

fully examined, so that Danielssen's little-known account

of them may be worth quoting (' Anatomisk-physiologisk

Undersogelse af Scalibregma inflatum,' 1859, p. 69) :

'^ Along the inner side of the body-cavity, from the sixth

segment up to the anus, there is a row of obliquely placed

loop-like bodies. The external upper and smaller end is

placed on the inner side of a swelling near the ventral

parapodium, while the rounded inner or lower end hangs

free in the body-cavity at the sides of the ventral vessel.

From the sixth to the thirteenth segments, at the sides of

each segment, these looped bodies are placed so close together

that the more anterior ones seem to have grown together.

These six are the largest (four lines long). In the following

sixteen segments they become smaller as one goes back.

Altogether there are forty to forty-two on each side. Each

is composed of a fine sac-like membrane, ciliated internally.

They are crammed with large, round, clear cells and yellow-

green ' molecules,' which lie in a clear fluid. I found no

ducts to these organs, nor did I see developed eggs in them,

though the body-cavity fluid was full of eggs. Yet I believe

they were the ovaries." Further on Danielssen gives an

account of the testes which are present in addition to the

ovaries in these Scalibregma. In captivity the eggs are

discharged by rupture of the body-wall.

This, we believe, is the only account of the nephridia of

this genus. For it is pretty certain that the sac-like bodies

which Danielssen thought were ovaries are the nephridia,

which, as he says, are ciliated internally, and therefore

presumably have a distinct nephrostome, while the yellow-
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green molecules are either excretory products of the walls of

the nephridia or else chlorogogenous cells which have been

swept into the nephridia. Further^ the description and

plates show that the gonads are developed in connection with

the funnels.

From the rest of this interesting account of Scalibregma
it appears that there is a single dorsal " heart " which drives

the blood forward to the gills like a Terebellid, and unlike

Arenicola. There are two oesophageal pouches, Bixt more

distinctive than even these is the definitely ganglionated

ventral nerve- cord. These characters^ taken in connection

with the far more complex parapodia which form swimming

plates, the absence of crotchets, and the arrangement of the

gills, seem to show that the Scalibregmidge have a resem-

blance to the Arenicolidse merely in the general arrange-

ment of the coelom, in the digestive system, in the form of

the nephridia, and structure of gonads ; but that in all other

respects—in external features, in the vascular and nervous

systems—the two families are widely different. In fact, it

seems more likely that the Scalibregmidae are aberrant Tere-

bellids.

The accounts of the vascular, nephridial, and reproductive

systems of the Opheliidae are so fragmentary as to preclude

any general comparisons with these organs in Arenicola.

Rathke's (1843) excellent descriptions of their anatomy are

still the only accounts of the geiiera Ammo trypans and

Ophelia that can be considered at all complete, but naturally

some of his statements, e. g. that besides the opening of the

nephridium there are in Am mo try pane oestroides (now

called Ophelia acuminata) ovipores and openiugs into the

coelom, require corroboration ; which, however, has not been

attempted. Thirteen pairs of nephridiopores are described

in this species, six in Ophelia limacina, and the drawing

of a nephridium of the former might stand for that of

Arenicola. The large funnel, the nephrostomial vessel, the

oblique muscles, are all exactly given in Rathke's figure of

Ophelia, as they lie in a specimen of a lugworm. Further
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agreement is indicated in Cosmovici's work (1880), in which

he describes a gonad attached to the nephrostome, but in

such a confused way as to render his conckisions of little value.

From the little we know, however, there seems to be a close

resemblance between the Opheliidse and the Arenicolidae in

reference to the nephridial and reproductive systems. In

addition to this, the digestive system and the segmentation of

the coelom are also fundamentally similar in the two cases.

Here again, however, as in the Scalibregmidfe, the external

features, the vascular system, especially the heart, the gan-

glionation of the nerve-cord, and, to judge from Kukenthal's

account (1887), the brain, are very different from those of

the Arenicolidge.

With the Maldanidge the case is somewhat better. But

even in comparing this family with the Arenicolidee the

differences are more obvious than the resemblances : for

though the absence of conspicuous cirri, the general form of

the parapodia, the reduction of the prostomium and ciliated

grooves, the small number of nephridia and gonads, the

simple subepidermal brain, the ventral cord with giant-cells

and a continuous covering of ganglion cells,—all agree fairly

closely with the corresponding structures of Arenicola, yet

the habits, the external features, and particularly the absence

of gills, of otocysts, and of hearts, separate the two families

very decidedly. The case of Branchioinaldane discussed

above makes it, however, clear that, apart from the seg-

mentation of the coelom and the vascular system, of which

practically nothing is known in Maldanids, there is a closer

resemblance between this family and the Arenicolidse than

exists between the lugworms and any third group.^

Benham (1893, p. 49) has suggested "that the closely

investing gelatinous tube (of the post-larva of Arenicola
marina) seems, when taken in connection with sundry

internal arrangements, such as nephridia, septa, etc., to point

to an affinity with the Chlorhgemidpe." The nephridia and

1 Mesnil (1898) has suggested an approximation of tlie Arenicolidse and

Maldauidse on tlie ground of the similarities of the setse.
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septa of this family, so far as is known,^ are, however, widely

different from those of Are iii col a. In fact, until knowledge

of Chlorhsemid anatomy and development is in a more

advanced condition, any conclusion as to the affinities of this

family must appear premature.

17. Summary of Results.

I. In this paper we show that there are three British

species of Arenicola—A. marina, A. ecaudata, and A.

Grubii. The last has not hitherto been recognised as a

member of the British fauna. It has, no doubt, often been

mistaken for A. ecaudata. From the Pacific coast of

America we record A. Claparedii, hitherto only known from

the Mediterranean.

II. The anatomy of A. Claparedii and A. cristata is

fully described for the first time.

III. The genus Arenicola may be divided into two

sections, according to the characters of the prostomium, the

arrangement of the gills and setae, the form of the ventral

lip of the nephrostome, and other features. To the first

section belong the common lugworm (A. marina), A. Cla-

paredii, and A. cristata, in which the prostomium is

well developed, the gills and setse are not continued to the

end of the body (i. e. there is an achtetous and abranchiate

"td,\\"), and the ventral lip of the nephrostome is entire.

The second section includes A. ecaudata and A. Grubii, in

which the prostomium is reduced, the gills and sette are

continued to the posterior end of the body, and the ventral

lip of the nephrostome is deeply notched at its centre.

IV. The external features usually relied upon by chseto-

podists to distinguish these five species from each other are

liable to such great variation in different specimens and in

the life history of the individual as to render them (taken

alone) insufficient for accurate diagnosis. The characters of

the otocysts, prostomium, and nephridia taken together

afford a far more reliable basis for specific determination.

1 See Bles (1892).
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V. We have adduced additional evidence in favour of

Benham's statement that the achjetous region between the

prostomium and the first chastigerous segment is formed by

the fusion of two segments. The evidence consists (1) in the

presence in this acheetous region of one of the segmentally

arranged '' giant-cells" in the nerve-cord, immediately behind

the point of union of the oesophageal connectives; this cell

belonging to the second segment, in which Beuham found a

vestigial seta
; (2) in the distinctness of these two segments

in the post-larva of A. ecaudata. Consequently the first

chfetigerous anuulus of the adult belongs to the third segment

of the body.

VI. The neuropodial crotchets undergo considerable

changes in form during the life of a worm. The rostrum, which

in chsetse from young specimens is at right angles to the shaft,

in later formed ch^tas makes a considerably greater angle,

the angle increasing with the age of the worm. Concurrently

there is a reduction in the size of the teeth of the ch^tge, and

finally they disappear. We have confirmed the observation

of Mesnil that a crotchet, identical in form with those of the

neuropodium, occurs in the notopodium of each of the last six

setigerous segments of the post-larva of A. ecaudata. The

crotchet is soon lost from the notopodium, and henceforward

only capillary setae are found there.

VII. The heart-body, though absent in A. cristata and

A. Claparedii, occurs in A. marina, A. ecaudata, and A.

Grubii. It is absent in young specimens, and does not

develop until the animal is two or three inches in length. In

later stages it arises as finger-like ingrowths formed by

proliferation of the cells of the wall of the ventricular part

of the heart which connects the gastric vessel or sinus on

each side of the stomach with the ventral vessel. These

proliferations are very soon followed by invaginations which

carry the endothelium, the muscles, and the peritoneal lining

of the cardiac wall inwards. From the inner ends of these

short invaginations further proliferation takes place, so that

ultimately the cavity of the heart is reduced to a series of
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narrow spaces filled with blood. The histology of the cardiac

body closely resembles that of the same orgau in the dorsal

vessel of Terebellids^ as described by Picton. Each invagi-

nation has an outer endothelium, a muscular middle coat, and

an irregular central cavity in which the peritoneal chlorogo-

genous tissue forms an irregular network of granular, glan-

dular, and often vacuolated cells, sometimes exhibiting a more

regular arrangement approaching an epithelium. These

peritoneal cells are the essential part of the heart-body, and

the function of the latter may be considered to be at least

twofold, excretory and valvular. On the one hand it removes

waste matters from the blood of the heart, on the other it

serves to prevent the regurgitation of blood into the gastric

vessels during systole.

VIII. With the exception of A. Claparedii all the species

of Arenicola possess longitudinal giant-fibres and seg-

mentally arranged "giant-cells'^ in the nerve-cord. The

giant-cells have been specially examined in A. Grubii. They

exhibit a complicated structure, and are enclosed in a sheath

of neuroglial fibrillse which penetrate into them for a short

distance. The protoplasm is histologically identical with that

of ganglion-cells, and in particular contains structures which

we believe are identical with Apathy's neuro-fibrillge. The

giant- cells are unipolar, and the process is free from chromo-

philous granules. This process we regard as an axon. It

contains the same kind of neuro-fibrillge which are found in

the body of the cell, but they are stouter. In the case of each

of the anterior and posterior three or four giaut-cells the

process enters a median giant-fibre. In the case of several

of the intermediate giant-cells the process enters one or both

lateral giant-fibres. In either case, however, before doing so

it gives off branches to the fibrous matter of the cord. The

giant-fibres have the following structure :—a central, partly

fibrillar, partly homogeneous substance, enclosed in a myelin

sheath, and this again in a neuroglial one. There is free

anastomosis between the median and lateral fibres, and

between the two latter inter se. Branches from the lateral,
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and apparently (at least opposite the cliEetigerousannuli) from

the median fibres, enter the spinal nerves.

As far as histology can go, the cells and fibres certainly

seem to be truly nervous, while their arrangement strongly

suggests that they are motor elements. Apathy's contention

that (on histological grounds alone) giant-fibres are sensory

appears in the present state of knowledge to be only partially

true.

IX. The brain exhibits two types of structure, not, however,

widely different. The first is seen in A. marina, A. Clapa-

redii, and somewhat less distinctly in A. cristata. In

these forms there are three regions : an anterior pair of cere-

bral lobes, specially connected with the anterior sensory

prostomial epithelium, and througli nerves with the buccal

papillee and buccal mass ; a posterior pair of histologically

different lobes continuous with the epithelium of the nuchal

organ ; lastly, a region intermediate both topographically

and histologically, supplying the upper surface of the pro-

stomium. In addition to these centres, the anterior lobes

contain near the median line a pair of groups of large pyri-

form cells, from which fibi-es pass to the circumoesophageal

connectives. The ganglion-cells for the most part form a

dorsal covering to the brain. The more ventral fibrous region

is composed of cell -processes and their branches, which form

a delicate neuropile. This arrangement becomes more com-

plicated as the animal gets older, and there is an actual

increase in the size as Avell as in the complexity of the brain

apparently throughout life.

In the second section, which includes A. Grrubii and A.

ecaudata, the brain is a transverse band of nervous tissue.

Its upper surface is early in life produced upwards into short

irregular lobes, and from its outer angles the connectives are

given off. It appears to correspond to the united anterior

cerebral lobes of the other section of the genus. Occasion-

ally a short median process extends backwards so as to

underlie the nuchal organ, but this sensory structure is also

supplied by several nerves from the commissural brain.



ANATOMY AND OLASSIFIOATION OF THE ARENICOLID^. 551

X. All species of Arenicola possess eyes, at least during

their immature stages of growth. Although these organs

have been previously discovered by Mesnil and Fauvel in

post-larval A. marina and A. ecaudata (in which they per-

sist), their presence in A. Olaparedii, A. cristata, and A.

Grubii is here noted for the first time. The eyes arise in

the skin of the larva, and gradually assume a deeper position,

until in the adult they are found among the ganglionic cells

of the brain. They consist of a clear lenticular body par-

tially surrounded by a cup-shaped mass of brown or red

spherical pigment granules, which apparently are embedded

in a single cell. At their earliest appearance they correspond

in position to, while thi'oughout life they retain the structure

of, the larval eyes of Nereis. Still more closely do they

resemble the simple eyes of the Capitellid Mastobranchus.

XI. The minute structure of the otocystic epithelium of A.

cristata resembles that of the other species, but there is a

more marked distinction between the supporting and sensory

elements. In A. Claparedii we have not found any ti-ace of

the otocyst. The structure and microchemical reactions of

the otoliths of A. Grubii are precisely similar to those of A.

ecaudata, and point to the conclusion that in both cases

these bodies are of chitinoid nature.

XII. There are no traces in the post-larva (i. e. the stages

of growth after the full number of segments has been

attained, but in which the gills have not yet assumed their

adult number and arrangement) of nephridia other than

those found in the adult. Nor is there a suppression in the

number of these organs in the life history of the animal. But

there is one noticeable histological alteration in connection

with sexual maturity. Nephrostomes are absent from the

nephridia of our post-larval specimens of A. marina 4'5 mm.
long, as they were from Benham's specimen G"8 mm. long.

They are present in later stages, and in post-larv[ie of A.

ecaudata 8 mm. and 9*4 mm. in length. It is probable that

the nephrostomes develop independently, and afterwards fuse

with that portion of the nephridium already present in the
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post-larva. Furthei* evidence in favour of this independence

between the two parts of the nephridium is afforded by (1)

the occasional presence of a funnel alone^ representing the

first and last pairs of nephridia of A. marina and the first

pair of A. Grubii; (2) the presence of a funnel only on one

side behind the last normal nephridium in A. Grubii; (3)

the presence of secretory and terminal portions only^ as a

variation in A. marina.

XIII. All the species of Arenicola are of separate sexes. In

all, the gonads arise exclusively in close connection with the

nephridia. They are formed by proliferation of the peri-

toneal covering of a nephrostomial vessel, which Ave call the

gonidial vessel. In the structure of the gonad A. ecaudata

is widely removed from the other species, and is almost

unique among Polychaeta. In this species there are two

deeply staining strands of cells, one on each side of each

nephrostome. Only one of these strands, the larger one

nearer the middle line of the body of the animal, is fertile.

These strands occur also on the first pair of nephrostomes,

but in this position they never give rise to reproductive cells.

In the case of the remaining twelve pairs of fertile gonidial

strands, the peritoneal tissue, of which they are proliferations,

is continuous in front with the peritoneum of the neck of the

funnel, while further back it forms the covering of the

gonidial vessel which runs down the side of the secreting

portion of the nephridium. From this vessel outgrowths are

formed at intervals towards the middle line, each outgrowth

carrying with it peritoneal covering of the vessel. All the

outgrowths are connected at their bases by the original

gonidial vessel and its peritoneum. The ovaries are formed

by further division and growth of the peritoneal cells of the

vessels. The cells of the ovary are of two kinds; (1) an

enveloping layer of flattened cells, and within this (2) the

different stages of the ova themselves. The ovary is well

supplied with blood by branches from the gonidial vessel and

by anastomosing vessels, which ai'e formed later, and connect

adjacent branches.



ANATOMY AND CLASSIFICATION OF THE AEENICOLTDJ!. 553

The testis of A. ecaudata is a thin, flattened, and slightly

folded reniform plate, and its mode of origin is similar to the

ovary. The early stages of the spermatozoa are completed in

this organ. Ruptnre of the wall sets them free into the body-

cavity, but whether the ovary or the testis subsequently

undergoes changes by which a new formation of ova or sper-

matozoa is accomplished in the following year, or whether

periodic discharge takes place at shorter intervals, we have

not ascertained. In any case the result of the development of

vascular ovaries and testes in A. ecaudata is, that this species

retains the gonads within the reproductive organs for a much
longer time than is the case with its allies, and discharges

them into the coelom in a more fully developed condition.

In the other species of the genus the gonads are merely

proliferations of the peritoneum of the nephrostomial vessel.

They are absent from the first nephridia. Each of the follow-

ing nephridia bears a single gonidial strand on its inner side.

In all species all the nephridia act at certain times as the

oviducts or sperm-ducts. In A. ecaudata a special diver-

ticulum of the vesicle often occurs, in which the ova or sperms

are stored for a short time before being expelled.

XIV. Branch iomal dan e Vincent i resembles in its ex-

ternal characters a late post-lai'val stage of one of the ecau-

date Arenicolidfe. The internal anatomy differs in the

absence of otocysts ; the origin of both ovaries and testes

in the same animal from the septa ; the variable number of

nephridia (two to five pairs in segments 5—9). The resem-

blances lead us to include it in the family Arenicolidae, but

in a distinct genus.

XV. Though the Arenicolidae show a closer affinity to the

Maid anida3 than to any other fainily of Polychaetes, they form

a very well-defined group. The points of resemblance to the

Maldanidfe are limited to the parapodia, the prostomium,

the brain, nerve-cord (especially the structure and arrange-

ment of giant-cells in the cord), the nephridia, and gonads.

The differences, however, are quite as striking, e. g. the seden-

tary, strictly tubicolous habit of the Maldanid^, their simple
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segmentation, tlie absence of gills, of paired hearts, and

otocysts. From the Opheliidas, Scalibregmid^, and Chlor-

hsemidae, the Arenicolidee are still more widely separated,
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EXPLANATION OF PLATES 22—29,

Illustrating Messrs. F. W. Gamble and J. H. Aslivvorth's

Memoir on "The Anatomy and Classification of the

Areuicolidae."

List op Reference Letters.

A. Cr. Anterior cornu of brain. An. Anus. A)i. Fr. Fibrous portion of

anterior brain-lobes. Ant. Gang. Ganglionic portion of anterior brain-lobes.

Au. Auricle of the heart. Bl. Bladder of nephridium. B. Pap. Buccal

papillae. Br. Gills. Br. Aff. Afferent branchial vessels. Br. Eff. Efferent

branchial vessels. BR. Brain. B. S. Blood-spaces in tiie heart. B. Sh.

Sheath formed by buccal retractor muscles. B. V. Blood-vessel. Bucc. M.

Buccal mass. Cell. Gang. Ganglion cells of nerve-cord. Cenlr. Ceutrosome-

like body of giant-cell. Ch. L. Chitiiioid lining of otocyst. Chi. G. Chloro-

gogenous granules. C/il. Tiss. Chlorogogenous tissue. Coel. Ccelomic space.

Coel. Epith. Ccelomic epithelium. Conn.-tiss. Connective-tissue strands. C. P.

Cirriforni processes on the tail of A. cristata. C. Sp. Caudal septa. C.Str.

Strand of modified peritoneal cells on the first nephridium. D. L. V. Dorsal

longitudinal vessel. Dph. Ph. Diaphragmatic pouches. Djihm.^'^' Dia-

phragms. Endlh. Endothelium of heart-body. Epilh. Sec. Secreting cells of

the epidermis. FG. Yolk-granules. Fr. Fibrous part of the nerve- cord.

Gasi. Lai. Lateral gastric vessel. Gasl. V. Small gastric vessels. G. c.

Giant-cell. G. c. proc. Process of giant-cell. G. c. proc. fb. Branch of

process of giant-cell to fibrous part of nerve-cord. Gen. Sir. Genital strand

or gonad. G. F. Giant-fibre. G. f. lal. Lateral giant-fibre. G. f. m.

Median giant-fibre. G. F. Sh. Neuroglial sheath of giant-fibre. G. V.

Gonidial vessel. El. Heart. El. B. Heart -body. Int. Intestine. Int. V.

Intestinal vessels. Afel. Gr. Metastomial groove. Mid. Gang. Ganglion of

middle brain-lobe. Mo. Mouth. M. Pro. Protractor muscles of selfe.

M. Rel. Retractors of setse. N. Nucleus of giant-cell. N. Aff. Afferent

nephridial vessels. N. C. Nerve-cord. N. Eff. Efferent nephridial vessels.

N. form. Nucleus of cell from which the eye is formed. Nrgl. Neuroglia.

Ngl. flla. Neuroglial fibriilee. Ngl. Sh. Neuroglial sheath. Nllts. Neuro-
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fibrillfie. Nllm. Neurilemma sheath. N. L. V. Nephridial longitudinal

vessel. Nm. Neuropodium. Nm. Ch. Neuropodial crotchets. N. N. Nuclei

of nerve-cells. N. o.'-'^' Nephridiopores. Notm. Notopodium. Not. S.

Notopodial setse. Nph. Nephridium. Nphm. Neplirostome. Nphm. D.

Dorsal lip of nephrostome. Nphm. V. Ventral lip of neplirostome. N. Sh.

Nerve-sheath. Niic. Or. Nuchal groove. Ntic. N. Nerve to nuchal groove.

N. N. Neural vessels. 0. cilv. Outer alveolar layer of giant-cell. Oc. Eyes.

CE. (Esophagus. CB. Comm. Circumoesophageal nerve-connectives. CE. Lat.

Lateral oesophageal vessel. 01. Otocyst. 0th. Otoliths. Ot. N. Nerve to

otocyst. Od. Proc. Process of ovary. Par. V. Parietal vessels. Per. Peri-

stomium. Proc. Process of crotchet. Prost. Prostomium. Prod. Epith.

Prostomial epithelium. Prost. Lat. Lateral process of prostomium. Prost.

Mid. Middle lobe of prostomium. Prost. Muse. Muscles of prostomium.

Prost. Sens. Sensory cells of prostomium. Riid. Br. Rudimentary gill on the

tail of A. cristata. Sen. C. Sensory cells. Sp. Septum. Sup. C. Support-

ing cells of the otocystic epithelium. F. Veutricle of heart. F. ]\f. Vitelline

membrane. V. Nph. Ventral lip of nephridium. V. V. Ventral vessel.

PLATE 22.

Fig. L—The large American specimen of A. cristata from the Harvard

Museum, seen from the left side to show the external features, setse, gills,

nephridiopores, and the segmentally arranged processes on the tail. There

are six nephridiopores on the left side and seven on the right side of this

specimen. The neuropodia of the first four segments are not visible exter-

nally. The cirriform processes of the tail are also shown on PI. 24, Eigs.

30—32. X f.

Fig. 2.—Dorsal view of the anterior of a specimen of A. cristata, 300

mm. long, from Naples, to show the prostomium and nuchal organ and the

papillae of ihe buccal mass. X 4.

Fig. 3.—A large specimen of A.Grubii from Port St. Mary, Isle of Man,

seen from the left side to show the external features, sette, gills, and ne-

phridiopores (5 in number), x 1^.

Fig. 4.—A large specimen of A. ecaudata from Port St. Mary, to- show

the external features, setse, gills, and nephridiopores (13 in number), x 1^.

Fig. 5.—Two views of the anterior end of A. Grubii from Port St. Mary,

showing the prostomium and nuchal organ.

Fig. 5 a.—From the dorsal surface. X 3.

Fig. 5 b.—From the left side, x 3.

The anterior end of A. ecaudata closely agrees with this.

Fig. 6.—Posterior end of a specimen of A. Grubii from Jersey, showing

the setae and developing gills, x 6.
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Fig. 7.—The gill of A. ecaudata.

Tig. 7 a.—Tlie third left gill, to show the plan of branching from the

base. X 10.

Fig. 7 b.—The terminal branches of one of the gill plumes. X 10.

The gill of A. Grubii closely agrees with this.

PLATE 23.

Fig. 8.—A. marina. Neuropodial chsetse from the post-larval specimen

(3'9 mm. long) shown in Fig. 34?. Note the rostrum (RosL), the teeth [T.),

and the process (Proc). The last is more highly developed in, and very

characteristic of Maldanidae. X 1000.

Fig. 9.—A. marina. The ventral portion of the neuropodium of a large

Laminarian specimen, showing the stages in development of the chsetse. The

line marked Nm. is the outline of the neuropodium. The clipctse are devoid of

teeth, but show a small blunt process {Proc). X 85.

Fig. 10.—A. marina. A neuropodial chasta from a littoral specimen

100 mm. long. In worms of this size the chsetse bear two or three small

teeth, and a very minute blunt process. X 150.

Fig. 11.—A. marina. A neuropodial chseta from a small specimen

17 mm. long. The teeth are well marked, x 500.

On comparing the four preceding figures there is seen to be, following the

growth of the worm, an increase in the size of the chsetse, a decrease in the

size of the teeth of the chsela?, and also a gradual change in the incli-

nation of tiie rostrum to the shaft, the angle increasing with the size of the

specimen.

Fig. 12.—A. marina. Notopodial setae from the post-larval specimen

(3"9 mm. long) shown in Fig. 34. Each notopodium bears about two to five

ordinary capillary chsetse (Fig. 12 a), and one similar to those shown in

Fig. 12 b.

Fig. 12 a.—Capillary seta showing the barbs or processes upon its distal

portion, x 500.

Fig. 12 b.—Notopodial setse bearing a lamina along a portion of their

length. X 1000.

Fig. 13.—A. cristata.

Fig. 13 a.—Represents a notopodial seta from a specimen 47'5 mm. long

from Jamaica, to show the barbs or processes upon its distal portion. X 93

Fig. 13 b.—A portion of the same seta from the region marked +, more

highly magnified, x 1000.

Fig. 14.—A. cristata. The tip of a notopodial seta from the large

specimen shown in Fig. 30. Note the very numerous barbs or processes.

X 500.
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Fig. 15.—A. cristata. Two iieuropodial cligetse from a specimen 475 mm.
long from Jamaica. X 500.

Fig. 16.—A. cristata. A neuropodial chseta from a specimen 120 mm.
long from Captiva Key. x 180.

Fig. 17.—A. cristata. A neuropodial chaeta from a specimen 300 mm.
long from Naples. X 180.

Figs. 15, 16, 17, should be compared to show the change in the

inclination of the rostrum to the shaft of the cheeta, and the decrease in

size of the teeth with advancing age.

Fig. 18.—A. ecaudata. The ventral portion of a neuropodium of a

specimen about 160 mm. long (from Port St. Mary, Isle of Man), showing the

stages in development of the clisetse. The line marked Nm. is the outline of

the neuropodium. The chsetse bear two or three teeth, but are devoid of pro-

cesses. X 180.

Fig. 19.—A. ecaudata. Three neuropodial chsets from a post-larval

specimen 7'2 mm. long from Port Erin, Isle of Man. Oue of them bears a

small process under the rostrum. X 1000. Compare with Fig. 18.

Fig. 20.—a. ecaudata.

Fig. 20 a.—A notopodial seta from a specimen about 160 mm. long. Note

that the seta gradually tapers to a very long slender tip. Under this magnifi-

cation the minute barbs or processes are not visible. The seta is 3*02

mm. long. X 43.

Fig. 20 b.—The distal tenth of the same seta, showing the minute barbs.

X 350.

Fig. 20 c.—A portion of the same seta from the region marked +, more

highly magnified, x 2000. The notopodial setae of A. Grubii are identical

with this.

Fig, 21.—A. ecaudata.

Figs. 21 a and 21 c represent two notopodial setse from a post-larval

specimen 7"2 mm. long from Port Erin, x 366.

Fig. 21 b.—The distal portion of the seta shown in Fig. 21 A more highly

magnified, to show the barbs and lamina. X 1000.

Fig. 22.—A. Grubii. Three neurojjodial chfetae from a medium-sized

specimen from Port St. Mary. The teeth are small, and each chaeta bears a

minute blunt process (Proc). These chaetae are practically identical with

those of A. ecaudata shown in Fig. 18. The minute process is not a constant

character of the chaetse of either of these two species, x 180.

Fig. 23.—A. Claparedii.

Fig. 23 a.—The distal fourth of a notopodial seta of a specimen about

70 mm. to 80 mm. long from Naples, to show the numerous barbs or

procesbcs. X 350.
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I'lG. 23 b.—A portion of the same seta from the region marked +.

X 1000.

Fig. 24.—A. Claparedii. The ventral portion of a iieuropodium of a

Neapolitan specimen 95 mm. long, showing the stages in the development of

the cliEetse. X 180.

Fig. 25.—A. Claparedii. A neuropodial chseta from a Neapolitan

specimen 75 mm. long, to show the great curvature of the chseta. X 180.

PLATE 24.

Fig. 26.—Dissection of a specimen of Arenieola Claparedii from

Naples, to show the general characters of tlie internal anatomy. Tiie special

features shown are the three anterior diaphragms, the caudal septa, the

alimentary canal and the oesophageal pouches, the vascular system, and the

nepliridia. The vessels of the posterior portion of the alimentary canal are

more highly developed than usual in this specimen. The oblique muscles and

longitudinal muscle-bands are not shown. X 2.

Fig. 27.—A portion of the oesophagus of a specimen of A. Claparedii

from Naples, showing the multiple oesophageal pouches. X 4.

Fig. 28.—A portion of the oesophagus of a specimen of A. Claparedii

from Crescent City, California. In this specimen fifteen oesophageal pouches

are present, x 3.

Fig. 29.—The fourth right nephridium of a Neapolitan specimen of A.

Claparedii, seen from the dorsal aspect, showing the dorsal lip of the

nephrostome {Nphm. D.) with its spatulate ciliated vascular processes, the

secreting portion of the nephridium (Np/i.), and the bladder (BL). Note also

the blood-vessels, the gonad {Oon.) upon the gonidial vessel {G. V.), and the

bluntly ending filamentous branches of the gonidial vessel. X 16.

Fig. 30.—Dissection of the large specimen of Arenieola cristata from

the Harvard Museum, to show the general characters of the internal anatomy.

The special features shown are the three anterior diaphragms, the caudal septa,

the muscles, the alimentary canal, the vascular system, and nephridia. A
complete (seventh) nephridium is present on the right side in addition to the

normal six pairs, 'i'lie position of the first gill is clearly indicated by the

appearance on segment 7 {Not. SJ) of both afferent and efferent branchial

vessels {£r. Aff}, Br. Bff.^). The cirriform processes (C. P.) on the tail are

seen to be segmentally arranged. Natural size.

This figure is to be compared with the similar dissection of A. marina
(Gamble and Ashworth, 1898, PI. 2).

Fig. 31.—The posterior branchial and anterior caudal region of the same

specimen of A. cristata, seen from the right side, to show the last fully

developed gill {Br."^, the branches of which are cut short), the presence of a

rudimentary gill {Rud. Br.) on the first caudal segment, and the cirrifurm pro-
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cesses (C. P.). The notopodial setse are in two rows, those in the anterior

row being about two thirds the length of those in the posterior row. X 2.

Fig. 32.—View of the same region from the left side. Note the cirriform

process just dorsal to the last neuropodium {Ni/i.). The other features are as

in the previous figure, x 2.

Fig. 33.—The tenth brauchiferous annulus of a specimen of A. cristata,

120 mm. long, from Captiva Key, seen from the left side, to show the small

greyish pit situated on a slight elevation just dorsal to the neuropodium.

There is a similar structure on each of the last seven chsetigerous annuli of

this specimen. The anterior row of shorter setae and the posterior row of

larger setae are shown (slightly displaced) in the notopodium.

Fig. 34.—Post-larval specimen of A. marina, 3'9 mm. long, taken in the

tow-net by Mr. R. L. Ascroft at Lythani. The animal is seen from its left

side, and shows the eyes on the prostomium, the two kinds of notopodial setae

(see also Pi. 23, fig. 12), the gills, and the otocysts. From a preparation.

X 50.

Fig. 35.—Post-larval specimen of Arenicola ecaudata, 9"4 mm. long,

Port Erin, August, 1896. The figure is from the left side of the animal,

and shows the external characters and nephridiopores. There is a distinct

groove separating the peristomiuni {Per.) from the following achsetous segment.

The first chsetigerous segment is therefore (as is further explained in the text,

p. 441) the third segment of the body. X 22.

Fig. 36.—Another post-larva of A. ecaudata (8 mm. long), lightly stained

and then cleared in cedar-wood oil. The anterior half is viewed obliquely from

the left side and ventral surface, tiie posterior half is twisted upwards and

seen from the ventral surface. The alimentary canal is shaded, the nerve -cord

left white. The nephridia of the right side are clearly shown. Note aUso the

otocyst (Ol.) with its single otolith. X 24.

Fig. 37.—Posterior extremity of the same specimen, to show the presence

of crotchets in the last six notopodia in addition to the capillary setae. The

intestine {Int.) is drawn out into concertina-like folds by the sepia {Sp.). X 130.

PLATE 25.

Fig. 38.—Longitudinal section of the heart of a specimen of A. Grubii

140 mm. long from Port St. Mary. The wall of the heart is thin, and 's com-

posed of three layers,—an endothelium internally, a muscle layer, and a peri-

toneal covering, the cells of which often contain chlorogogenous granulf;s. The

muscle layer is only feebly developed in worms of this size, it becomey much

more highly developed in older specimens (see Fig. 39). On the pcj>stcrior

(right) side the wall of the heart is being invaginated at several points, thus

giving rise to the heart-body. Each invagination involves the whole wall of



ANATOMY AND CLASSIFICATION OF THE ARENIGOLIDiE. 563

the heart.. Sections of tlie iiwaginated processes show the central core of the

peritoneal cells surrounded by the muscle layer (the endothelium cannot be

shown on this scale of magnification). The space occupied by the blood is

coloured red. x S6.

Fig. 39.—Longitudinal section of the heart of a specimen of A. Grubii

225 mm. long from Port St. Mary. The wall of the heart is much thicker in

this older specimen, chiefly owing to the greater development of the muscle

layer. The invaginations of the wall are very numerous and comjilex, filling

up the greater part of the cavity of the heart, and forming the well-marked

heart body. Compare the blood space in this specimen with that of the

specimen drawn in Fig. 38. x 96.

Fig. 40.—Blood-corpuscles of A. Grubii. Many of these were found in

sections of the heart shown in Fig. 38, embedded in the mass of blood con-

tained in the cavity of the heart. X 1000.

Fig. 41.—A portion of the tip of one of the invaginated processes of the

heart-body of A. Grubii (from a specimen about 150 mm. long), to show

the endothelium {Endlh.), the muscle layer {ninsc), and the core of loosely

arranged peritoneal cells {Per. C). The last are either vacuolated or

granular, owing to the presence of chlorogogenous granules in the protoplasm.

X 470.

Fig. 42.—A similar process from the heart-body of a full-grown specimen

of A. marina, showing the endothelium, the muscle-fibres, and the peritoneal

cells. X 240.

Fig. 43.—Another process from the same specimen of A. marina. In this

and several other processes there is a large collection of chlorogogenous granules

in many of the cells. These are shown in the figure in red, but they are naturally

of a yellow colour. In many of the cells the granules are aggregated into

small heaps, sometimes lying in a vacuole. The cell-outlines of the cells

which are loaded with chlorogogenous granules are difficidt to distinguish.

The protoplasm of many of the other peritoneal cells is granular, but the

granules are very small and of a different nature from the chlorogogeu

granules. X 600.

Fig. 44.— Dissection of a specimen of A. Grubii from Port St. Mary, to

show the general characters of the internal anatomy. The special features

shown are the three anterior diaphragms, the buccal musculature, the septa

present in the posterior portion of the animal, the alimentary canal, the

vascular system, and the nepliridia. The vessel which passes from the dorsal

vessel to the first nephridium is shown on the right side, but omitted on the

left side. The second nephridium derives its blood-supply from the dorsal

longitudinal vessel (Z). L. V.). The oblique muscles which are present in the

septate region of the body are very narrow bands about \ mm. in diameter,

and cannot be shown in the drawing. Note the two strands of connective tissue

[Comi. T/S.1.) attached to the alimentary canal and to the body-wall at the level
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of the lieait. The position of the first gill is indicated internally by the

afferent and efferent branchial vessels {Br. Jp and Br. Tiff}). X \\.

Fig. 45.—Dissection of a medium-sized female specimen of A. ecaudata

from Port St. Mary (April, 1897), to show the general characters of the

internal anatomy. Note the three anterior diaphragms, the buccal muscula-

ture, the septa in the posterior portion of the animal, the oblique muscles, the

alimentary canal, the vascular system, the nephridia, and the ovarian processes.

The second nephridium is supplied with blood by a small vessel from the

dorsal longitudinal vessel (Z>. L. F.). The position of the first gill is shown

internally by the afferent and efferent branchial vessels {Br. Aff\ Br. Eff.^).

The first two efferent branchial vessels are accompanied by a thin band of

connective tissue, the representative of the septum of the following segments.

The septa and oblique muscles are present to the posterior end. The first

nephridium does not bear gonads. The ovarian processes attain a larger size

in larger specimens. The last twenty-seven segments of the worm are omitted.

X 2."

PLATE 26.

Pig. 46.—One of the nephridia of the right side of a medium-sized female

specimen of A. ecaudata (Port St. Mary, Isle of Man, April, 1897) seen

from the ventral aspect. The nephrostome (red) is formed of two lips, a

deeply notched ventral one {Nphm. V.) and a dorsal one {Nplim. D.), bearing

numerous digitiform ciliated vascular processes. The network of blood-

vessels upon the nephrostome is somewhat closer than shown in the figure.

Note the blood-vessels with blind dilated ends on the ventral lip. The

secreting portion of the nephridium and the vesicular bladder are covered by

a network of blood-vessels. The genital strand arises on the inner side of the

funnel, and runs parallel to, and applied to, the secreting portion of the

nephridium. It is pierced axially by the gonidial vessel {G. V.). On the

outer side of the ventral lip of the nephrostome there is a deeply staining

strand of cells {Sir.), which probably gives rise to coelomic corpuscles. The

Ion"- fiuo'er-shaped outgrowths from the genital strand contain ova in all

stao-es of development. Each is supplied by one or more vessels—branches

of °he gonidial vessel (see Pigs. 51, 52). The processes are considerably

larf^er iu mature specimens than in the specimen drawn. X 22.

Fig. 47.— Sixth right nephridium of a large female specimen of A. ecau-

data (from Port St. Mary, April, 1897), seen from the ventral aspect. The

ova, having been discharged from the ovarian processes into the cojlom, have

been taken up by the nephrostome and passed into the bladder of the

nephridium, causing the thin-walled sac-like diverticulum shown in the figure.

This sac is full of large ova. There were similar vesicles attached to the

bladders of the fifth and sixth nephridia of the left side. X 8.

Fig. 48.—A nephridium from the right side of a male specimen of A.

ecawdata (Port St. Mary, April, 1897), seen from the ventral aspect.
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Note the deeply notched ventral lip of the nephrostome, some of the blood-

vessels of which have blind dilated endings ; the dorsal lip fringed with

ciliated vascular processes ; and the secreting portion of the nephridium and

the bladder with tliis network of blood-vessels. The genital strand commences

on the inner side of tlie ventral lip of the nephrostome, and runs parallel to

and close to the secreting portion of the nephridium. Note also the sterile

strand of deeply staining cells on the ventral lip. Thegonidial vessel {G. V.)

runs axially through the genital strand. The large, flat, reniform lobe of the

testes is attached to the genital strand by a mesentery, through wiiich pass

branches of the gouidial vessel covered by genital cells {B. V. and Ge>i. C).

X 22.

Fig. 49.—Section of the wall of the secreting portion of the nephridium of

a medium-sized specimen of A. ecaudata. The wall is formed by (1) columnar

secreting cells, the inner or free ends of which abut on the cavity of the

nephridium; (2) a small amount of almost homogeneous supporting tissue

situated at the bases of the secreting cells ; the nuclei of this tissue are shown

;

(3) a thin layer of coelomic epitiielium {Ccel. Epith.), immediately within which

are the blood-vessels (5. V.). The inner or free ends of the secreting cells

are very clear and free from granules. In many examples this clear portion

is much larger than in the specimen drawn. The outlines of the secreting

cells may be seen near their free ends, but they are not distinguishable towards

the bases of the cells. Tiie excretory granules present in the cells are of two

kinds : (1) those nearer the free ends of the cells, which stain black with htema-

toxylin ; and (2) those nearer the basal portions of the cells, which are yellow,

and do not stain with hsematoxylin. The latter are often aggregated into

heaps. They are drawn in red in the figure, but their natural colour is yellow.

X 570.

Fig. 50.—A portion of the post-larval specimen of A. ecaudata shown in

PI. 24, fig. 35. The specimen was embedded in paraffin wax, and cut trans-

versely to the middle of the first nephridium. The remainder of the specimen

was cut longitudinally (sagittally) until the middle line, as indicated by the

nerve-cord, was reached. The portion then remaining was removed from

parafEn by immersion in warm xylol, and the half of the alimentary canal

remaining in the body of the worm dissected out. The body-wall and nephridia

attached to it were then mounted in cedar-wood oil. The preparation as it

now appears is shown in the figure. The left-hand side of the figure is dorsal,

the right-hand side ventral. A portion of the first nephridium was cut away
in the transverse sections. The other twelve nephridia are shown. On the

nephrostome of the second nephridium there is a small heap of cells the com-
mencement of one of the ciliated processes of the dorsal lip. The edo-es of

the nephrostome are thick, being formed of large columnar or cubical ceils.

The nephrostomes of the ninth and tenth nephridia are connected to the

secreting portion by narrow tubes 'OOS mm. and '01 mm. long respectively.
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The ueplirostomes of the three posterior nephridia are much smaller than

those of the anterior nephridia. X 70.

Fig. 51.—Longitudinal section of the proximal part of one of the ovarian

processes of A. ecaudata. On the left a portion of the gonidial vessel is

seen, a branch of which traverses the axis of the process. The wall of the

blood-vessel, which is formed of a very thin layer of cells well seen on the left,

IS covered by a layer of cells produced by divisions of the ccelomic epithelium.

From these the ova are differentiated near the vessel, and recede from it as

they increase in size. The ova are covered by a layer of unaltered ccelomic

epithelium. The nuclei of the ova gradually increase in size and become

vesicular (germinal vesicle. Germ. V.). The germinal vesicle contains a small

amount of chromatin in the form of a network, and usually a well-marked

nucleolus {Nucl.). Yolk granules are deposited in the protoplasm, but the

peripheral layer of protoplasm in a ripe ovum is almost free from granules

(see the large ovum near the middle of the figure). Tiie ripe ova have a thick

conspicuous vitelline membrane, x 420.

Fig. 52.—One of the ovarian processes of a medium-sized female specimen

of A. ecaudata, showing the blood-vessels. At first the process contains only

one axial blood-vessel (as in the preceding figure), but later more vessels

penetrate into the process and become connected as shown. X 12.

Fig. 53.—A portion of a disseclion of A. Grubii from Plymouth (Jan.,

1899). The second and third nephridia of the right side with their gonads

{^Gen. Sir.) and the surrounding structures are shown. The dorsal lips

{Nphm. D.) only of the nephrostomes are visible. The second nephridium

receives blood from the dorsal longitudinal vessel (Z*. Z. V.). The afferent

vessel of the third nephridium is a branch of the ventral vessel. It is accom-

panied by a thin band of connective tissue, which spreads out fan-wise and

connects the nephridium to the body-wall in the region of the second groove

behind the cha:tigerous annulus, i. e. at the boundary of the segment. Tliis is

therefore the representative of the septum of the segment, x 4.

Fig. 54.—A portion of a dissection of A. Grubii from Naples, showing

the last (fifth) nephridium of the right side with a rudimentary nepiirostome

{Bud. Nphm.) on the septum in the following segment. The dorsal lip of the

ephrostome, the gonad, blood-vessels, seta, muscles, and rudimentary septa

are also shown. X 8.

(Fig. 55 is omitted.)

PLATE 27.

Fig. 56.—The anterior end of Arenicola Claparedii seen from above,

with the top of the prostomium sliced off horizontally. The ganglionic por-

tion of the brain is dotted, the fibrous matter tinted. The course of the

nuchal trroove is clearly shown. The point marked .r, .r is the enlarged
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anterior end of the melastomial groove. The circumcesophageal nerve-

connectives and their point of union are shown by dotted lines. Tiie four

Cttlomic spaces are portions of a continuous anterior extension of the ccelom.

The figure has been constructed from sections cut in three planes. X 100.

Fig. 57.—a slightly oblique section across the middle of the brain of A.

Claparedii (26 mm. long), to show the great development of neuropile

{Npile.), tlie neuroglial cells {Nrgl.), and the sensory elements of the prostomial

epithelium (^Prost. Epith.). In the braiu the ganglion cells of the middle

cerebral lobes {Mid. gang.) form two lateral masses separated by a median

coelomic space. Cam. luc. X 110.

Fig. 58.—Transverse section across the prostomium of the same specimen

A. Claparedii, cutting the extreme ends of the anterior cerebral lobes. The

neuropile is dotted. Cam. luc. X 110.

Fig. 59.—Anterior end of an adult specimen of A. Claparedii from

Crescent City, California, seen from above to show the form of the prostomium.

X 8.

Fig. 60.—The same seen from the side.

Fig. 61.— Anterior end of a young specimen (15 mm. long) of A.

Claparedii from Naples, seen from above to show the higlily developed

prostomium. x 18.

Fig. 62.—The same from the side, x 20.

Fig. 63.—Horizontal section of the brain and prostomium of A. marina,

from a specimen 60 mm. long. The neuropile is dotted. The commissure

{3Iid. Cotiim.) which binds the anterior lobes together is cut horizontally.

The arrangement of the large pyriform ganglionic cells {Ant. gang.) round the

coelomic spaces is very evident. The nuchal groove {Nuc. Gr.) is cut across

obliquely. X 75.

Fig. 63 a.—Part of a transverse section of the prostomium of Arenicola

ecaudata, to show the eyes embedded in the nervous tissue underlying the

epidermis. The latter is composed at tiiis point of mucus-forming cells

{EpUh. sec), broader at their outer ends than at their inner ones. The rest of

the thickness of the section is made up of a nervous tissue composed of cells

(the nuclei of which are seen at n. n.) and wavy fibres. The lens-like body

and the pigment granules of the eyes are well seen. n. form refers to a

nucleated mass which is probably the cell in which the eye has been formed.

X 440.

Fig. 64.— Section across the otocyst of a full-grown specimen of A.

ecaudata. The outer layer is composed of connective tissue supportintr a

nerve-sheath {N. Sh.) whicli results from the branches of the otocyst nerve

{Ot. N.). The sensory epithelium contains supporting cells, whicli, however,

are not distinguishable in this figure. In the centre of the organ are the

chitinoid otoliths, which have been drawn from a whole preparation of the
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otocyst. The otocyst of A. Grubii agrees in all essentials with this one.

X 200.

Fig. 65.—Section across the otocyst of a specimen of A. cristata from

Naples (300 mm. long). The distinction between the sensory and supporting

elements (Sens. C. and Sup. C.) is clearly shown. Note the single large

chitinoid otolith, x liO.

Tig. 66.—Horizontal section of a giant-fibre of A. Grubii, to show the

outer sheath of ueurilemna (Nllm.), the true neuroglial sheath
{fff.

sh.), and

an inner myelin sheath {My. S/i.) which is dissolved out in the specimen figured.

The contents of the fibre consist of very delicate fibrillse in a faintly staining

protoplasm. X 500.

PLATE 28.

All the drawings of this plate are taken from a specimen of Arenicola

Grubii 78 mm. long.

Figs. 67—70.—These are four camera drawings of consecutive sections

through a giant-cell, its process, and the point of union of this process with a

lateral giant-fibre. In Fig. 70 the structure of the process and cell are well

shown, particularly the neuro-fibrillse {Nllts.). In the giant-cell the neuro-

glial network and outer alveolar layer should be compared with the enlarged

figures, 76 and 77. The branch of the cell-process to the fibrous part of the

cord is seen in Fig. 69 {G. c. proc.fb.).

Corrosive acetic, iron-haematoxylin. Outline of the figure drawn with oc. 6,

obj. D of the Zeiss system, and the detail under Zeiss oil-immersion apochro-

matic objective with an aperture of '02 mm. x 350.

Figs. 71—73.—Three consecutive sections to show the connection between

the giant-cell and the median giant-fibre in segment 5. The alveolar structure

of the cell protoplasm and the ueuro-fibrillee of the cell process {Nll(S.) are

distinct. X 350.

Fig. 74.—Transverse section of the cord in segment 8 to show the fusion of

the two lateral with the median giant-fibre and the branch from this union to

the spinal nerve on each side. On the left side the branch is prolonged in

the section to the base of the spinal nerve, x 350.

Fig. 75.—Longitudinal section of the nerve-cord just behind the sixteenth

ueuropodiuin. Two giant-cells are seen surrounded by ordinary ganglion

cells. Each giant-cell has a neuroglial sheath {Ngl. Sh.), and the process of

each to the cord is cut off transversely {G. c. proc). The neuroglial fibrillse

are chiefly confined to the median line. The network in the giant-cell is

neuroglial in nature. X 380.

Figs. 76 and 77.—Consecutive sections of the body of a giant-cell of the

same specimen of A. Grubii, to show the minute structure. The outer
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alveolar zone and if,s neuroglial envelope are seen. A few neuro-fibrillse are

shown at Nllee. enclosed in a dense glia-slieatb.

Corrosive-acetic, Apathy's ha^matein 1 A. X 500.

PLATE 29.

Fig. 78.—A portion of the nerve-cord of a young specimen of A. Grubii,

78 mm. long, to show the giant-cells and spinal nerves in relation to the

annuli. The cut ends of the neuropodial chatse of the fourteenth and

fifteenth chsetigerous segments are shown. Reconstructed from horizontal

sections. X 25.

Fig. 79.—Plan of the entire nerve-cord of a young specimen of A. Grubii

78 mm. long, to show the position of the giant-cells. The transverse lines

mark the level of the neuropodia, the numbers of which are given at the sides.

The length of the cord in the drawing is twenty times its actual length.. The
breadth of the cord and the size of the nerve-cells are fifty times the actual.

Reconstructed from about 5000 sections.

Fig. 80.—A portion of the nerve-cord of a specimen of A. marina 17-5

mm. long, to show the giant-cells. The section extends from the eighth to

the nineteenth chsetigerous annuli. Reconstructed from sagittal sections.

X 20.

Fig. 81.—A portion of the nerve-cord of a specimen of A. cristata to show
two of the segmentally enlarged giant-cells, x 2.
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Diagrams illustrating the Life-history of the

Parasites of Malaria.

by

Ronald Ross, D.P.II., Itl.R.C.S.,
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;

and
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With Plates 30 and 31.

The parasitology of the red blood-corpuscle of Vertebrates

was opened in 1870 by Kay Lankester^s discovery of the

Drepanidium ranarum. In 1880 Laveran made the

important obsei'vation that somewhat similar intra-corpus-

cular organisms exist in the blood of human beings suffering

fi-om malarial fever. vSince then Danielewsky, Kruse, Koch,

Dionisi, and others have demonstrated allied parasites in the

blood of reptiles, birds, bats, and monkeys, and Smith and

Kilborne have shown that the disease of oxen called Texas

cattle fever is due to anintra-corpuscular parasite of another

kind. As the result of these observations we are now
familiar with a considerable number of such organisms. All

of them are usually classed among the Protozoa, and in the

somewhat artificial order of the Sporozoa. They are generally

divided into three groups, which are as follows.

Group I. The parasite of Texas cattle fever, Pyrosoma
(or Apiosoma) bigeminum. Smith and Kilborne, and

similar organisms found in dogs and some other mam-
malia (?) ; minute pear-shaped intra-corpuscular bodies^
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which are known to be comuiuuicated among oxen by the

cattle tick, Boophilus bovis.

Group II. Organisms apparently allied to the Gregari-

nidfe ; found in reptiles; numerous species.

Group III. Intra-corpuscular amoebEe or myxopods found

in man, monkeys, bats, birds, and possibly frogs. Four

species are known to undergo further development in gnats.

It is this last group which claims our attention at present.

The diagrams are meant to illustrate a discourse delivered

by one of us at the Royal Institution {' Proceedings of the

Roy. Inst.,' 1900, and also 'Nature,' March 29th, 1900); but

we shall now give a description sufficient to enable the

reader to follow the life-history from this paper alone. The

figures show the appearance of the parasites as seen in

unstained preparations—the cytology of some of the stages

(figs. 53—60) in the gnat not yet being sufficiently estab-

lished to warrant illustration in a scheme of this kind.

We adopt the name Hgemamoebid^, Wasielewsky, for

the whole group. At least three species occur in human

beings (producing the different varieties of malarial fever)

;

one species in monkeys, three in bats, and two in birds. We
illustrate only the species found in man and birds, those of

monkeys and bats being closely similar to the human species,

(but, so far as we know at present, not identical). The deve-

lopment of four of the species has been followed in gnats.

The three human species develop in gnats of the genus

Anopheles, while one of the avian species (Hfemamoeba

relicta) lives in gnats of the Culex pipiens type. The

insect hosts of the remaining species have not as yet been

found.

So far as we know, the life-history of all the species is

practically identical, and is as follows. The youngest

parasites are found as minute amoebul£e living within or upon

the red corpuscles of the vertebrate hosts. Each contains a

nucleus, which stains by the Romanowsky method. Growing

rapidly in size, the amoebulse convert the haemoglobin of the

containing corpuscles into a varying number of brown or black
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granules, which are called the melanin or malarial pigment.

These granules lie in the bioplasm of the parasite surrounding

the nucleus. After an interval of from one to several days

(according to the species concerned) the amoebulggj still

contained within the corpuscle, reach maturity, and become

either (a) sporocytes or (&) gametocytes. In the case of the

amcebulee which become sporocytes the nucleus divides into

a number of segments (varying according to the species).

Each segment of the nucleus surrounds itself with a portion

of the bioplasm, and becomes a spore—the process being

obviously one of simple asexual propagation. Finally the

corpuscle which contains the parasite, and which has now

been almost entirely destroyed by it, bursts and liberates the

spores, allowing them and a small nucleus de reliquat,

consisting chiefly of the melanin, to fall into the liquor

sanguinis. The melanin is taken up by the phagocytes of

the host, while the spores attach themselves to fresh red

corpuscles, become amcebulas in their turn, and thus continue

the life of the organisms indefinitely within the vertebrate

hosts.

In the case of the amoebul^ which become gametocytes

the history is quite different. It is not yet definitely known

what determines a given amoebula to become either a sporo-

cyte or a gametocyte, but the fact must be accepted. In

the gametocytes the nucleus does not divide as in the case

of the sporocytes—the parasite reaches maturity without

showing any sign of spore-formation. In the majority of

species (genus HEemamceba) the gametocyte has a general

form similar to that of the sporocyte before the spores are

produced; but in one species (genus Hsemomenas) the

gametocyte has a special (cresceutic) shape, which is recog-

nisable at an early stage in its career. As their name indi-

cates, the gametocytes are sexual forms, male and female.

They possess no function within the vertebrate host, but are

meant to continue the life of the organisms within a second

host—a suctorial insect.

When the gametocytes are drawn into the stomach cavity
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of gnats (middle intestine) they immeLliately undertake their

sexual functions. The male gametocyte (the nucleus of which

is larger than that of the female) is destined to give origin to a

number of microgametes, or spermatozoa ; the female gameto-

cyte develops into one macrogamete, or ovum, together with a

residuum consisting chiefly of melanin. A few minutes after

ingestion by the gnat both male and female gametocytes

break from the enclosing corpuscle, and swell slightly.

Attached to the naked parasite one can now often perceive

one or two small spherical objects, which may possibly be

the homologues of polar bodies. A few minutes later a

quivering movement is observed in the male gametocytes,

due to the emission of the microgametes. These bodies are

long filaments endowed with very active powers of locomo-

tion, and consisting of a thread of chromatin surrounded by

a thin scroll of bioplasm. Breaking away from the pai'ent

cell, and leaving behind the melanin of that cell as a resi-

duum, the microgametes travel through the liquor san-

guinis contained in the stomach of the gnat in search of a

macrogamete. This being found, one microgamete enters

the macrogamete and unites with its nucleus, producing a

zygote.

Shortly after the act of fertilisation the zygote may in some

species become motile (when it is technically called a vermi-

cule), and generally changes its shape. At all events, it travels

towards the parietes of the stomach. If the insect be of an

inhospitable species the zygote perishes ; but if the insect be

hospitable the zygote passes through the parietes and affixes

itself on or just under the outer muscular coat of the

stomach. Here it becomes motionless and commences to

grow rapidly in size.

At first of about the size of a red corpuscle, and still

containing the characteristic black granules of melanin, the

zygote, after a week or so, reaches a very large size ; that is,

it becomes about 60 /x in diameter, or about eight times its

original diameter, and about five hundred times its original

bulk. As we have said, we are not satisfied regarding the
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nature of the nuclear changes during the growth of the

zygotes, but it is clear that the parasite acquires a very

distinct capsule, and that its substance divides into from eight

to twelve meres, which can easily be distinguished without

staining. Each mere seems finally to become a spherical

blastophore, bearing on its surface a number of filamentous,

or rather spindle-shaped blasts, in the manner depicted in

fig. 60; at least, it is easy, by rupturing a nearly mature

zygote, to expel a number of such bodies. When the zygote

finally reaches maturity the blastophores disappear, leaving

the capsule packed with thousands of the blasts (and con-

taining also some residual fatty globules).

The capsule now bui-sts spontaneously, and pours the

blasts into the body-cavity of the gnat. On drying and

staining the blasts are easily seen to be of about 12 to 16 /i

in length, with a central nucleus, one or two clear oval areas,

and tapering extremities. No definite movements have been

observed in these bodies—possibly on account of the reagent

(salt solution) which must be used to make them visible in

fresh preparations. By some means or other, however, they

find their way into remote parts of the host, and finally pierce

the capsule of its salivary gland, enter the salivary cells, and

lastly the salivary ducts, in all of which situations they can

easily be seen with the aid of a strong salt solution. From
the salivary ducts they evidently pass through the insect's

middle stylet or tongue into the circulation of a fresh verte-

brate host, in which it is to be presumed they at once become
the amoebulge with which the life-history of the parasites

commenced. At all events, numerous experiments, both on
birds and on man, have deraoustrated the fact that gnats

whose salivary glands contain the blasts are capable of

establishing infection by their bites in the appropriate verte-

brate hosts.

It should be noted that this life-history is in no way a

hypothetical one. Every fact has been confirmed over and
over again by many capable observers. The stages in the

vertebrate hosts, first established by Laveran and Golgi, have
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been scrupulously studied and have given rise to a mass of

literature already very large. The sexual functions of the

gametocytes—which can be witnessed in vitro,—originally

observed by MacCallum, have been seen also by Koch and

Marchoux ; while the facts are confirmed by the cytological

studies of Bignami and others. The development in the

gnat and the infection of the healthy vertebrate host by the

bite of the gnat, originally established by one of us, have

been confirmed by Daniels, Koch, Grassi, Bignami, Bastia-

nelli, and many others, and are accepted by Laverau, Ray

Lankester, Metschnikoff, Manson, Celli, and other distin-

guished men of science. A full history of the subject of the

relation between malaria and gnats, together with a complete

bibliogi*aphy, has been written by NuttalL*

The terminology used above was arranged in consultation

with Professor Herdman, F.R.S. It has been adopted by

Laveran and Manson. Grassi and others had previously

employed the terms gamete and zygote, but used sporo-

zooid for the bodies we call blasts. We use the word

blast somewhat in the sense employed in embryology, and

as synonymous with sexually produced spores. Bay
Lankester suggests for them the name filiform young.

It should be added that, within the capsules of mature

zygotes large black bodies (fig. 67) are often to be found.

It is doubtful whether these have any real connection with

the parasites.

We divide the H^mamcebid^e into two genera ('Nature,^

August 3rd, 1899), namely

—

Genus I. Hfemamoeba, Grassi and Feletti. The gameto-

cytes have a shape like that of the sporocytes before the

spores have been produced.

* Nuttall, ' Hygienisclie Rundschau,' numerous papers, 1898, 1899, 1900.

Also "On the Role of Insects .... in the Spread of Diseases," ' Johns Hop-

kins Hospital Reports,' Baltimore, vol. viii.

The most recent flgures of stages of the malaria parasites are those published by

Koch, ' Zeitschrift fiirHyg. und Infect.,' 1899 (photographs) ; Grassi, Bignami,

and Bastianelli, 'Annalid 'Igiene sperimentali,' 1899 (])]ates) ; "Sierra Leone

Expedition," 'Thompson Yates Laboratories Report,' vol. ii (photographs).
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Genus II. Hfemom enas, gen. nov. (syn. Laverania,
Grassi and Feletti, in part). The gametocytes have a special

(crescentic) shape.

DESCRIPTION OF PLATES 30 & 31,

Illustrating Major Ronald Ross's and Dr. R. Fielding-Ould's

paper on " The Life-history of the Parasites of Malaria."

Pigs. 1—41 illustrate the two avian species and the three human species in

the blood-vessels of the vertebrate hosts.

Figs. 42—52 illustrate the development of the gametocytes of one of the

human species, selected for the purpose, in the stomach cavity of Anopheles,

or in a drop of blood freshly extracted from the finger (in which the parasites

develop much as they do in the stomach cavity of the insects).

Pigs. 53—G7 illustrate the further development of the parasites in the

tissues of the gnat.

Figs. 1—7.—Development of Hsemamoeba Danilewskii (syn. Halte-

ridium Danilewskii, Labbe) in the blood of pigeons, jays, crows, etc.

The amoebula is elongated, and lies by the side of the nucleus without dis-

turbing its position. Several varieties exist.

Fig. 1.—Spore.

Figs. 2—4.— Growth of amoebula.

Fig. 5.—Sporocyte.

Fig. 6.—The containing corpuscle has burst, leaving nucleus, melanin,

and free spores.

Fig. 7.—Gametocyte.

Figs. 8—14.—Development of Ha3m amoeba relicta (syn. Proteosoma
Grassii, Labbe) in the blood of sparrows, larks, crows, etc. The amoebula

lies at one end of the corpuscle, and pushes the nucleus towards the other

end.

Fig. 8.—Spore.

Figs. 9—11.—Growth of amoebula.

Fig. 12.—Sporocyte.

Fig. 13.—Freed spores.

Pig. 14.—Gametocyte.

Pigs. 15—22.—Development of llfemamceba malarije, the parasite of

quartan fever of man. The containing corpuscle is a small or medium-sized
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one, the melaniu consists of coarse dark brown granules, tlie amoeboid move-

ments are slow, the spores are about eight to twelve in number, development

takes seventy-two hours.

Fig. 15.—Spore.

Figs. 16—18.—Growth of amcebula.

Fig. 19.—First appearance of spore formation.

Fig. 20.—Sporocyte.

Fig. 21.— Freed spores.

Fig. 22.—Gametocyte.

Figs. 23—29.—Development of Hsemamoeba vivax, the parasite of

tertian fever of man. The containing corpuscle is nearly always an excep-

tionally large one, the melanin consists of very fine light brown granules,

amoeboid movements are rapid, the spores are about twelve to twenty in

number, development takes thirty-six hours.

Fig. 23.—Spore.

Figs. 24—26.— Growtli of amoebula.

Fig. 27.—Sporocyte.

Fig. 28.—Freed spores.

Fig. 29.—Gametocyte.

Figs. 30—41.—Development of Ha;momenas prsecox, the parasite of

remittent, pernicious, or sestivo-autumnal fever of man. Several varieties,

which are possibly distinct species. The amcebuloe are small, contain only a

few clumps of black melanin, and retire to the spleen, bone-marrow, etc., on

approaching maturity ; the gametocytes have a special crescentic shape.

Figs. 30—34.—Growth of amcebula becoming a sporocyte.

Fig. 35.—Freed spores.

Figs. 36—39.—Growth of amoebula becoming a gametocyte.

Fig. 40.—Male gametocyte (portion of red corpuscle still present).

Fig. 41,—Female gametocyte (remains of corpuscle entirely disa])peared).

Figs. 42—52.—Development of gametocytes of Hsemomenas prtecox

in stomach cavity of Anoplieles.

Fig. 42.—Male gametocyte.

Fig. 43.—Female gametocyte.

Figs. 44, 45.—Gametocytes become oval five minutes after ingestion by

the gnat.

Figs. 46, 47.—Gametocytes become spherical a few minutes later. Polar

bodies appear at the margin.

Fig. 48.—Male gametocyte emitting microgametes (the so-called "flagel-

late body").

Fig. 49.—Female gametocyte or macrogamete awaiting fertilisation.

Fig. 50.—Free microgametes.

Fig. 51.—Microgamete entering macrogamete.

Fig, 52.— Fertilised macrogamete, or zygote.
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Figs, 53—67.—Development of Hsemomeuas prsecox iu tissues of

Anoplieles.

Fig. 53.—Zygote approaching inner surface of stomach wall.

Fig. 54.—Zygote piercing stomach walL

Figs. 55, 56.—Zygotes affixed to outer coat of stomach. They possess

au apparently alveolar structure, and still contain granules of melanin.

Fig. 57.—Zygote increases in size.

Figs. 58, 59.—Zygotes increasing in size and dividing into meres, which

become blastophores bearing blasts.

Fig. 60.—A single blastophore bearing a number of blasts affixed to it,

each by one extremity.

Fig. 61.—Stomach seen by a low power, and dotted with a number of

mature zygotes.

Fig. 62.—A fully mature zygote packed with blasts, some of which are

escaping from a rupture in the capsule.

Fig. 63,—Free blasts in body. cavity of Anopheles,

Fig. 64.— Blasts entering capsule of salivary gland; also lying within

salivary cells and duct.

Fig. 65.—Junction of ducts of three lobes of salivary gland of one side,

with blasts.

Fig. 66.—Blasts escaping from extremity of middle stylet or tongue of

Anopheles.

Fig. 67.—Capsule of a mature zygote containing five large black bodies,

provisionally known as " black spores,"

Note.—We may point out that the development of the remaining human

species in Anopheles and of H. relicta in Culex are almost identical with

those of H. prsecox given in the plates.

All the figures, except Fig. 61, are magnified 2500 diameters. F'ig, 61

is magnified about 70 diameters, the stomach tissues being flattened and

extended by the cover-glass.
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Note on the Morphological Significance of the

Various Phases of Hsemamoebidse.

by

E. Ray Laiikester.

The discovery of true sexual zygosis in unicellular or-

ganisms^ has so great an importance that I have thought it

desirable to add a few words to the valuable account given

by Messrs. Ross and Fielding-Ould, and to place before the

reader some woodcuts illustrating the recent discovery of

microgametes and maci'oganaetes in the life-history of Coc-

cidiidge, which serve to emphasise and confirm the discovery

of MacCallum of sexual zygosis in the Haemamoebse. A very

interesting and significant fact is that the microgametes of

these Protozoa are neither more nor less than spermatozoa

—

agreeing with the spermatozoa of higher organisms in form

and appearance and in mode of development. It is less

remarkable, though significant, that the macrogamete is

identical in character with the egg-cell or ovum of higher

forms.

The Coccidiida9 are closely related to the Haemamoebidge.

Their sexual history was discovered but very shortly before

that of the blood-parasites.

In the first woodcut (Figs. 1 to 6) is shown in the upper

three figures the development of the spermatozoa or micro-

gametes of Benedenia ectopia n a, a coccidian parasite

in the Cephalopod Octopus. The spermatozoa are seen to

• The Protozoa in which microgametes and macroganietes were i^nown

before the year 1898, viz. Volvox and Vorticellidse, are multicellular cell-

c jlonies of which only special cells become developed as gametes.
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form as a series of nucleated outgrowtlis of the original cell,

leaving a non-nucleated " blastophore " or residual mass, as

in Haemomeuas, PI. 30, fig. 48. In the lower three figures

(Figs. 4, 5, 6) we have an egg-cell which is undergoing

fertilisation. Three free spermatozoa are seen attempting to

effect a junction with it. These figures are after the draw-

ings and description of Siedlecki in 'Annales de I'Institut

Pasteur,' 1898, and are copied from Mesnil, 'Revue generale

des Sciences,' March 30th, 1899.

The development of the spermatozoa or microgametes of a

Figs. 1— 6.—Development of microgametes or spermatozoa and fertilisation

of tlie Coccidian Benedenia octopiana. After Siedlecki, from

Mesnil.

complex multicellular animal may be compared with what

occurs in the unicellular Benedenia and Hasmomenas. Our

Figs. 7 to 11 show the development of the spermatozoa of

the earthworm ; they are reproduced from Blomfield's paper

in vol. XX of this Journal (1880). It will be observed that

iu the earthworm, as in the Coccidian and the Haemamoeba,

the spermatozoids form by a centifrngal movement of the
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segments of the broken-up nucleus of the original sperm

mother-cell, and that thus they form a number of outstand-

ing processes, at first short and ovoid, but later filamentous

in form, upon the surface of a '' blastophore," a residual

Figs. 7— 11.—Development of spermatozoa of the Earthworm. After

Bloomfield.

central mass of considei'able volume to which this name was

originally given by Blom field.

As in Benedenia, so in Lumbricus and Htemamoeba, the

ripe filamentous spermatozoa become detached from the

blastophore and swim about as active independent bodies,

whilst the blastophore disintegrates and disappears.

The exact character of the spermatozoa of a certain Coc-

cidian (Echinospora) has been well shown by Leger in the
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'Archives de Zoologie experimentale/ 1898. In Fig. 12 we
have reproduced (from Mesnil) his drawings. The sperma-

tozoa are seen to be biflagellate, having a flagellum at each

end of the fusiform body. The modes in which these flagella

may be carried and exercised is shown in the drawings.

Compare these with the active filaments pi'oduced by the

male gametocyte of Haemamoeba (Hgemomenas) which are

shown in PL 30, figs. 48 and 50.

The first discovery of spermatozoa as the product of a

Coccidian cell was made by Simond ('Ann. de I'lnstitut

Pasteur/ 1897. We reproduce here (Fig. 13) one of his

drawings. Simond made his discovery in the typical well-

known parasite of the epithelial cells of the rabbit's intestine

and liver—the Coccidium oviforme. He showed that

whilst Coccidium oviforme very generally breaks up

into sporocyteSj which enter uninfected epithelial cells and

develop into full-sized Coccidia directly, yet the cell indi-

viduals of Coccidium oviforme also can and do under

certain circumstances become gametocytes, instead of break-

ing up into sporocytes; some developing a micropyle and

becoming each a single ovum or macrogamete, whilst others

(lying all the time within an epithelial cell of the rabbit)

give rise to a crop of spermatozoa or microgametes, resting

on a residual mass or blastophore just as in Lumbricus. The

crop of spermatozoa and the blastophore of Coccidium
oviforme is shown in the woodcut Fig. 13.

The existence within the Protozoa of the form and mode

of development of the male microgametes now so long familiar

to us in higher animals, where they are called " spermatozoa,"

is one of the most striking results of the recent researches

on Sporozoa. It is all the more curious when we remember

that these cell parasites, such as Coccidium oviforme and

Hgemomenas prsecox, are amongst the most minute of

the characteristically minute Protozoa.

I will venture on one farther comparison and comment

in regard to the life-history of Haemomenas praecox as

described by Surgeon-Major Ross. Ross discovered the
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history of the fertilised egg (zygote) of the malaria parasite

in the stomach wall and tissues of the gnat (Anopheles), and

Fig. 12.—Spermatozoa (microgametes) of the Coccidian Echinospora.
After Leger, from Mesnil.

he, with Mr. Fielding-Ould, has given a series of important

figures of the development of the zygote in Plates 80, figs.

53 to 57, and Plate 31, figs. 58 to 67, accompanying their

paper in the present number of this Journal. Ross has

shown that the zygote breaks up within its capsule or cyst

Fig. 13.—Stage ia the development of spermatozoa or microgametes of

Coccidium oviforme, from the epithelial cells of the rabbit's iutestiue.

The microgametes are seen supported on the central " blastophore."

After Simond, from Mesnil.

into a number of "meres" (figs. 58, 59), and that each of

these meres gives rise to a dense crop of filiform young on
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its surface, which he terms " blasts " (fig. 60). The " blasts "

or filiform youug infect a new host when injected into his or

her blood by the Anopheles which harbours them.

I desire to point out that the fission process by which the

fertilised zygote gives rise to these filiform blasts resembles

the production of microgametes or spermatozoa, and that the

blasts themselves are morphologically identical with micro-

gametes, whilst a blastophore of residual material accom-

panies their evolution. On the other hand, it is a rule in

other organisms that the fission products of fertilised egg-

cells resemble in form and development the macrogametes or

female cells, and do not assume the characters of micro-

gametes. The malaria parasite is, it seems, remarkable in

being an exception to this rule. The fission products of the

fertilised cell are not large cells produced by binary fission,

and comparable in size and form to the female cells or

macrogametes, but are in form and mode of development

identical with male cells or microgametes. We may call

them andromorphous or spermatomorphous " blasts " or cells,

whereas in other Coccidia, as well as in Volvocinean flagel-

lates and in the tissue-foruiing Enterozoa, the " blasts
"

produced by the fission of the fertilised egg-cell are oomor-

phous or gynascomorphous cells.

In all other cases the spermatomorphous cell seems only to

be produced with the special and limited function of zygosis

;

it is distinctively a fertilising cell. But in the Hsemamoebidae

a generation of spermatomorphous cells is produced which

simply carry on their individual life, penetrate the blood-

corpuscles of a vertebrate host, and divide into sporocytes.

We are certainly accustomed to associate the phenomenon

of non-sexual reproduction in higher animals with the produc-

tion of oomorphous cells. It is only an egg-cell which is

capable of multiplication and the production of new indi-

viduals of the species, without conjugation with a

fertilising cell (parthenogenesis). There are no cases on

record, at any rate among animals, of parthenogenesis by

means of male cells or male individuals. Speculation and
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experiment have both been brought to bear on the question

as to whether an oomorphous cell can act as fertiliser to

another^ and as to whether an andromorphous cell (a sperma-

tozoon) can be made to develop a new individual if supplied

with a cell body but without the addition of the nuclear

matter of an oomorphous cell. It seems to me that we have

in the case of the spermatomorphous or andromorphous

blasts or "young" of the malaria parasite a distinct proof

that the spermatozoon is, so far as its essential nature is con-

ceruedj capable of acting the part of the solely sufficient

germ in a parthenogenetic reproduction or multiplication
;

and that it is, therefore, not of the essence of " solely suffi-

cient germs " that they should be egg-cells or oomorphous.

At any rate, we have, I think, in the blasts or filiform young

of the malaria parasite an altogether exceptional case of

elements of the male form carrying on without acting as

fertilisers, but as " solely sufficient,^' the life of the species.

We have here, indeed, a parthenogenesis by means of male

elements. The parthenogenesis hitherto known in animals

is " gynaecocratic ;" that exhibited by the " blasts " of the

HsemamoebidEe is ^' androcratic."

Probably some instances among the Protophyta of the fis-

sion and multiplication of flagellate " zoospores " may be

placed in the same category of " androcratic partheno-

genesis." For instance, the " coccus forms " of Schizophyta

are oomorphous, and their multiplication without fertilisa-

tion is a " gyneecocratic parthenogenesis." But the bi-

flagellate bacillus form should perhaps be regarded as an

andromorphous cell, and its multiplication by fission is

androcratic parthenogenesis. There is not, however, in this

case the same reason for regarding the flagellate cell as

really identical with a spermatozoid or microgamete as there

is in the case of the Haamamoebidas ; for in the latter it is not

only the form of the cell, but its mode of development by

centrifugal proliferation and the production of a " blasto-

phore " which characterises the " blasts " as truly male cells.

I may remind the reader in conclusion that the word
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" parthenogenesis " is conveniently restricted to a repro-

ductive process, not by neutral or "^ niedeterocratic " cells,

but by cells essentially fitted for sexual zygosis which, in the

exceptional cases designated by the term " parthenogenesis,"

develop to maturity without zygosis.

The word " parthenogenesis " is equally applicable to the

development of a macrogamete (gynsecocratic), and to that

of a microgamete (androcratic) when it occurs without union

with a cell of the opposite sex.



With Ten Plates, Royal 4to, 5s.

CONTRIBUTIONS TO THE KNOWLEDGE OF RHABDOPLEURA
AND AMPHIOXUS.

By E. RAY LANKESTP]K, M.A., LL.D.. F.R.S.

London: J. & A. Churchill, 7, Great Marlborough Street.

Quarterly Journal of Microscopical
Science.

The SUBSCRIPTION is £2 for the Volume of Four Numbers

;

for this sum {prepaid) the Journal is sent Post Free to any part

of the v/orld.

BACK NUMBERS of the Journal, which remain in print, are

now sold at an uniform price of 10/-.

The issue of Supplement Numbers being found inconvenient,

and there being often in the Editor's hands an accumulation of

valuable material, it has been decided to publish this Journal at

such intervals as may seem desirable, rather than delay the appear-

ance of Memoirs for a regular quarterly publication.

The title remains unaltered, though more than Four Numbers
may be published in the course of a year.

Each Number is sold at 10/-, and Four Numbers make up a

Volume.

London : J. & A. CHURCHILL, 7 Great Marlborough Street.

TO CORRESPONDENTS.
Authors of original papers published in the Quarterly Journal

of Microscopical Science receive twenty-five copies of their

communication gratis.

AH expenses of publication and illustration are paid by the

publishers.

As a rule lithographic plates, and not woodcuts, are used in

illustration.

Drawings for woodcacs should not be inserted in the MS.,
but sent in a separate envelope to the Editor.

Contributors to this Journal requiring extra copies of their

communications at their own expense can have them by applying
to the Printers,

Messrs. Adlard & Son, 22i, Bartholomew Close, E.C, on
the following terms :

For every four pages or less—
25 copies .... 5/-

50 „ .... 6/-

100 „ .... 7/-

Plates, 2/- per 25 if uncoloured; if coloured, at the same rate for

every colour.

Prepayment by P.O. Order is requested.
All Communications for the Editors to be addressed to the cark

OF Messrs. J. & A. Churchill, 7, Great Marlborough Street,
London, W.



THE MARINE BIOLOGICAL ASSOCIATION
OV THK

UNITED KINGDOM.
:o:

Patron-H.R.H. the PRINCE OF WALES, K.G., F.R.S.

President—Prof. E. RAY LANKESTER, LL.D., F.R.S.
:o:

The Association was founded " to. establish and maintain Laboeatoeies on
THE coast of the UnITED KINGDOM, WHERE ACCURATE RESEARCHES MAT BE OAEEIED
ON, LEADING TO THE IMPROVEMENT OF ZOOLOGICAL AND BOTANICAL SCIENCE, AND TO
AN INCREASE OF OUE KNOWLEDGE AS EEGAEDS THE FOOD, LIFE CONDITIONS, AND HABITS
OF British food-fishes and molluscs."

The Laboratory at Plymouth
was opeued in 1888. Since that time investigations, practical and scientific, have
been constantly pursued by uatuialists appointed bj' the Association, as well as by
those from England and abroad who huve carried on independent researches.

Naturalists desiring to work at the Laboratory
should communicate with the Director, who will supply all informatiou as to

terms, &c.

Works published by the Association
include the following :

—
' A Treatise on the Common Sole,' J. T. Cunningham, M. A.,

4to, 25/-. * The Natural History of the Marketable Marine Fishes of the British

Islands,' .1. T. Cunningham, M.A., 7/6 net (published for tl e Association by
Messrs. Macmillan & Co.).

The Journal of the Marine Biological Association
is issued half-yearly, and is now in its fifth volume (price 3/6 each number).

In addition to these publications, the results of work done in the Laboratory
are recorded in the ' Quarterly Journal of Microscopical Science,' and in other
scientific journals, British and foreign.

Specimens of Marine Animals and Plants,
both living and preserved, according to the best methods, are supplied to the

principal British Laboratories and Museums. Detailed price lists will be forwarded
on application.

TERMS OF MEMBERSHIP.
Annual Members . . . .£110 per annum.
Life Membees . . . . . 15 15 Composition Fee.

FOUNDEES 100
Governors (Life Members of Council) 500 „ ,,

Members have the following rights and privileges :—They elect annually the

Officers and Council; they receive the Journal free by post; they are admitted to

view the Laboratory at any time, and may introduce friends with them ; they have the

first claim to rent a table in the Laboratory for research, with use of tanks, boats, &c.j

and have access to the Library at Plymouth. Special privileges are granted to Governors,

Founders, and Life Members.
Persons desirous of becoming members, or of obtaining any information with

regard to the Association, should communicate with

—

The DIRECTOR,
The Laboratory,

Plymouth. .



2^
New Series, No. 172 (Vol. 43, Part 4).

SEPTEMBER, 1900.

THE

Price 10s.

QUARTERLY JOURNAL
OF

MICROSCOPICAL SCIENCE.

EDITEIJ BY

E. RAY LANKESTEK, M.A., LL.D., F.R.S.,
HONORARY FELLOW OF EXETER COLLEGE, OXFORD ; CORRESPONDENT OK THE INSTITUTE OF FRANCE,

AND OF THE IMPERIAL ACADEMY OF SCIENCES OP ST- PETERSBURG, AND OF THE ACADEMY
OF SCIENCES OF PHILADELPHIA; FOREIGN MEMBER OF THE ROYAL BOHEMIAN

SOCIETY OF SCIENCES, AND OF THE ACADEMY OF THE LINCEI OF ROME';
ASSOCIATE OF THE ROYAL ACADEMY OF BELGIUM ; HONORARY MEMBER

OF THE NEW YORK ACADEMY OF SCIENCES, AND OF THE
CAMBRIDGE PHILOSOPHICAL SOCIETY, AND OF THE ROYAL

PHYSICAL SOCIETY OF EDINBURGH ; HONORARY
MEMBER OF THE BIOLOGICAL SOCIETY

OF PARIS;
OIBECTOB OF THE NATURAL HISTORY DEPARTMENTS OF THE BRITISH MUSEUM; FULLERIAN PROFESSOR

OF PHYSIOLOGY IN THE ROYAL INSTITUTION OF GREAT BRITAIN.

WITH THE CO-OPERATION OF

ADAM SEDGWICK, M.A., F.R.S.,
FELLOW AND TDTOB OF TRINITY COLLESE, CAMBRIDGE;

W. F. R. WELDON, M.A., F.R.S.,

SYDNEY J. HICKSON, M.A., F.R.S.,
BEYER PROFESSOR OF ZOOLOGY IX THE OWEXS COLLEGE, MANCHESTER.

WITH LITHOGRAPHIC PLATES AND ENGRAVINGS ON WOOD.

LONDON

:

J. & A. CHURCHILL, 7, GREAT MARLBOROUGH STREET.

1900.

Adlard and Son,] [Bartholomew Close.



CONTENTS OF No. 172.-New Series.

MEMOIRS

:

PAGE
Hippolyte varians : a Study in Colour-change. By P. W. Gamble,

D.Sc, Owens College, Manchester, and F. W. Keeble, M.A.,

Caius College, Cambridge, late Assistant Lecturer in Botany,

Owens College, Mancliester. (With Plates 32—36) . . .589

On the Nephridia of the Polychaeta. Part III. The Pliyllodocidse,

SyllidsB, Amphinomidse, etc., with Summary and Conclusions. By
Edtpin S. Goodrich, M.A., Aldriciiian Demonstrator of Compara-

tive Anatomy, Oxford. (With Plates 37—42) . . . .699

Nouvelles Observations sur les Peripatus de la Collection du Musee

Britannique. Par E L. Bouviek, Prolesseur au Museum d'Histoire

Naturelle de Paris 749

Title, Contents, ano Index.



OCTio 1900

HIPPOLYTE VARIANS. 589

Hippolyte varians: a Study in Colour-change.

By

F. Vir. Gamble, D.Sc,
Oweus College, Manchester,

and

F. \¥. Keebic, M.A.,
Caius College, Cambridge ; late Assistant Lecturer in Botany, Owens

College, Manchester.

With Plates 32—36.

Contents.

FAOE

589

595

601

605

612

622

635

Introduction ......
Section I. Methods .....

,, II. Some Colour Forms of Hippolyte varians

,, III. " Chromatophores " and other Colour Elements

„ IV. The Colour Mutability of Hippolyte varians

,, V. The Nocturnal Colour—Nocturnes

„ VI. Periodicity of Colour-change

„ VII. The Control of the " Chromatophores :" the Parts played

by the Eye, Central Nervous System, and by the

" Chromatophores " themselves in effecting Colour

change .....
,, VIII. Summary of Experimental Records

Appendix—Experimental Tables ....
Literature

Introduction.

It is well known that the prawn Hippolyte varians may-

be found among the seaweeds in the lower tidal pools along

VOL. 43, PART 4.—NEW SERIES. T T

643

651

653

692



590 F. W. GAMBLE AND F. W. KEEBLE.

the sea-sliore or by trawling in the " Laminarian zone."

Whilst specimens so obtained may present colours ranging

through the whole gamut of the spectrum, many exhibit an

astonishingly close resemblance to the colour of the weeds,

zoophytes, or other objects to which they obstinately cling.

Attracted by this phenomenon of " protective resemblance,"

naturalists, who have desired to record its features, have

observed that the prawns change colour in a very short time :

that an emerald green or rich brown colour may lose much
of its brilliancy or even its characteristic tone within the time

elapsing between capture and subsequent examination in the

laboratory. The trivial name varians has thus come to

connote not merely that the colour of these prawns exhibits

great individual differences in tint and pattern, but that, in

addition, the colour of the same individual may alter. It is

but a step further to the idea that all the different colour

varieties may be capable of passing into one another—

a

possibility often expressed but never experimentally verified.

The bare fact of colour-change among Crustacea appears

to have first been observed and recorded by Kroyer (1842)

in this very species Hippolyte varians, or, as he called it,

H. smaragdina. "In this species," he says, "I have ob-

served a very remarkable colour-change. The usual emerald

green colour of those specimens which I have placed with sea

water in a glass vessel passed rapidly into an olive or into a

bluish-green colour. The azure spots behind the anterior

edge of the carapace became so indistinct that did I not

know their position I should have overlooked them. The

longitudinal stripe on the carapace changed from blue to

yellow, and finally disappeared completely. I believe I have

noticed similar changes in other species of this genus, but

none so plain or so striking" (1842, p. 244). Other natu-

ralists have noticed the same kind of change in this and other

Crustacea. Fritz Miiller, for example (1880-81), showed

that fresh-water prawns (Atyoida potimirum, Paleemon
potiporanga) of South America, when taken from their

habitat and placed in a glass vessel, rapidly lose their brown
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or black colour^ and become colourless and transparent ; the

first named in the course of a few days, the Palsemon in a

few hours. Palaemon, moreover, was seen to pass through

a blue colour phase.

These facts clearly indicated an interesting line of experi-

mental work, which Pouchet took up in the early seventies

with the most importaut and suggestive if not final results.

From 1872 he published a series of memoirs culminating in

that entitled ' Changements de coloration sous I'influence

des Nerfs ^ (1876), In this paper—by far the most im-

portant of those dealing with colour-change in Crustacea

—

not only were the facts of colour mutability correlated for

the first time with changes of the pigment spots, but what is

much more important, the rationale of the change was

suggested as the result of experiments made at Costa's

zoological station at Concarneau on Pala9mon, Crangon,
and Hippolyte.

Starting with the vague notions of fishermen, that fishes

and Crustacea change in colour according to the tint of the

sea bottom, Pouchet experimented with white and black

dishes, and found that Palaemon serratus (the form upon
which his results are chiefly based) alters its colour sympa-

thetically, becoming dark on a dark, colourless on a white

ground. This change is effected by the expansion and con-

traction of the pigment spots which are controlled by the

nervous system. By cutting off the eyes, a dark coloration

ensued, which remained unaltered until the eyes were re-

generated. The loss of the power of colour-change thus

appeared to be due to loss of sight, and the sequence of

events in a normal prawn was stated by Pouchet in these

terms (Conclusions, Nos. 17 and 18, p. 161) :

" La fonction chromatique doit etre definie : un ensemble

d'actions reflexes sur les chromoblastes, dont le point de

depart peut etre I'impression visuelle resultant des proprietes

actiniques du milieu ambiant. Lesnerfs sontles conducteurs

de cette action reflexe : ils peuvent done provoquer I'expan-

sion ou le retrait des chromoblastes." The expression ''pro«
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prietes actiniques du milieu ambiant^' makes it doubtful

liow far Pouchet attributed colour-change in the prawn to the

change in tint of the bottom^ in other words to the varying

quality of the light, or to the light intensity, or to both

these possible causes. Other passages in the paper show

that Pouchet attributed to the varying quality of the light

reflected from the differently coloured surfaces on which

the prawns happened to be resting, an important and perhaps

the chief share in the resulting colour-change. But there

is still another of Pouchet's conclusions, which tends to

show that he regarded the varying quantity of the light as at

least a subsidiary factor which, acting through the eye and

nervous system on the pigment spots, may modify the colour.

He says (p. 151), " L'obscurite de la nuit n'a aucune influence

sur les changements que presentent les animaux, tandis que

l'obscurite artificielle provoque au contraire des modifications

qui pour n'etre pas constantes ni toujours bien definies n'en

sont pas moins sensibles." This conclusion Pouchet drew

from his observations on fishes (turbot, goby, dragonet) as

well as from those on Crustacea, and it is on this point more

than on any other that we find ourselves opposed to him.

It would, indeed, be singular if an animal were sensitive to

change in light intensity, and yet remained the same colour

by night as by day. In the sections on nocturnal colour and

on periodicity we show not only that Hippolyte varians

undergoes a rhythmical sequence of colour-change composed

of nocturnal and diurnal phases, but that this is a habit which

persists though the light or the darkness is maintained con-

stant for days together.

The effects of varying light intensity on Crustacea have

attracted but little attention since Pouchet's memoir in 1876,

Matzdorff (1882) has experimented with Idothea and con-

firmed many of Pouchet's conclusions. Jourdain (1878),

working on Nik a edulis (a prawn belonging to a family

distinct from the Hippolytidee), obtained some interesting

results. This form, he found, passed from a translucent

nearly colourless condition in sunlight or diffuse light to a
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red colour in the dark. If it was then replaced in the

light the red colour disappeared. Jourdain concludes

(loc. cit., p. 302), " des lors au moins lorsq'on I'etudie en

captivite le Nika n'a pas la meme couleur la nuit que le

jour," but he does not appear to have made any observations

at night to verify this. Jourdain also found that if the tem-

perature is lowered to 5° or 6° C. the colour-changes are

effected more slowly. In the case of specimens in which the

eyes had been removed, the colour became and remained

red at normal temperatures, was ultimately lost at or near
0° C, but returned if the water was warmed, and also

when the eyes regenerated. Eye-amputated specimens ex-

posed to very bright light for some time lost some of their

red colour ; but in all these experiments a certain number
of the prawns behaved in a different manner.

On the subject of the present work—Hippolyte varians
—but little experimental evidence has been collected. Beyond
the single result that, on a dark ground, green Hippolyte
became reddish brown, Pouchet had little to record. More
recently, however. Professor Herdman (1892, 1893, 1898),

Mr. Hornell (1897), and M. Malard (1893) have made trials

to test the colour mutability of this species on differently

tinted weeds. Professor Herdman concluded (1898) "that

Hippolyte varians can change its colouring, though not

in a very short space of time,'^ but the change was not a

close match with the tint of the new weed. Mr. Hornell

concludes from experiments at Jersey that a power of sympa-

thetic colour-change is equally well shown in the light and
in the dark. We have ourselves made the observation that

even when the AlgaB are changed in the dark, a colour- change

occurs which in some cases may match the tint of the new
weed ; and we offer an explanation of the apparently remark-

able phenomena in the section on recovery from the nocturnal

colour (Sect. IV, pp. 614 and 616).

M. Malard (1893) found that green Hippolyte become red

in the dark, but he does not appear to have followed up this

observation by experiments at night.
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It will be readily gathered from this historical sketch that

there has been no attempt to completely investigate in Hip-
polyte the different factors which in higher animals^ such

as the frog and chameleon, are known to be effective in pro-

ducing a change of colour. In the present paper we deal

with the effects of natural and artificial stimulation—both by

agents, such as light, working through the eye, and by others,

such as temperature, affecting the different parts of the body

equally—on the general colour and on the " chromatophores/'

The research, on which we are still engaged, was commenced

in the Owens College Zoological Eesearch Laboratory, and

was continued during the greater part of .1898 in the labora-

tory of the Lancashire Sea Fisheries Committee at Piel, near

Barrow. For permission to work in the laboratory we are

indebted to Prof. Herdman, and we beg to tender our hearty

thanks for the manner in which the resources of the labora-

tory have been placed at our disposal. During the present

year (1899) our investigations have been carried on, thanks

to the generous hospitality of M. E. Perrier, in the Labora-

toire Maritime de Tatihou, St. Vaast, Normandy.

The problems of colour-change are so complex that this

research, which promised to be brief, has proved to be

well-nigh interminable ; at least we at present see no pro-

spect of the vein giving out. We therefore have decided

to give our chief results in order that we may be the freer

to pursue our investigations into some of those questions

mentioned in the text, to which these results have given

rise. We desire specially to draw attention to the section

dealing with " Nocturnal Colour,^' with " Periodicity of

Colour-change," and to the excellent coloured sketches of

Hippolyte on different weeds. These sketches, which we
owe to the skill and kindness of Miss D. Richardson, repre-

sent animals which had been allowed to make a choice as

to a place of anchorage among a variety of weeds. Even

the briefest examination will show how well in each case

Hippolyte avails itself of its opportunity.

Our thanks are due to Professors Hickson and Weiss for
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their kindness in giving us the facilities necessary for the

prosecution of these researches.

Section I.

Methods.

There are in any research on colour-change three essential

requirements: a standard illumination, observation

under constant light conditions, a means of rapid

record of the observed colour. No one of these have

we been able to meet satisfactorily.

As our standard illumination we employed light from an

incandescent gas burner.

Our colour records were made by observing Hippolyte
against the white background of a porcelain dish.

In recording colours we at first attempted to supplement

verbal descriptions by the use of Maxwell's colour top, but

we were compelled to fall back upon water-colour sketches.

We now content ourselves with a terse note of the colour

and a careful description of the condition of the " chroma-

tophores," as seen by transmitted and by reflected light

under the microscope.

The experience we have gained leads us to think this

last mode of recording may, after it has served as an aid

in unravelling the complexity of the " chromatophores "

themselves, prove alone sufficient as a colour record.

It is necessary, of course, to note the condition of the
" chromatophores " at the first moment of examination, since

these bodies, or rather their pigments, are so susceptible to

light as to immediately and profoundly change their con-

dition when exposed to the powerful light necessary for

microscopic observation. When the animal under obser-

vation is not required for further experiment, change in its

colour condition may be considerably retarded by placing it

in water near the freezing-point, or, in some cases, by drop-

ping the animal into water of about 90° F. Hippolyte in

the latter case rapidly succumbs, but colour-changes in the
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living or the dead animal exposed to these conditions take

place with sufficient slowness to admit of careful examina-

tion.

When trawling and shore collectings at night or early

morning, the colours of the animals as they appear when
taken out of the net are observed by the light of paraffin

lamps. Though, by this means, it is impossible to judge

the fine shades of colour with sufficient accuracy for close

comparison with those noted under the more constant con-

ditions described above, yet it serves to give a general idea

of the colour of the animal; nevertheless with practice a

fair judgment can be made. The susceptibility of Hippo-
lyte varians to temperature changes, incidentally referred

to, is only one indication among many of the fact that it is

less hardy than many of its allies.

We found it necessary to spend a considerable time in

devising an apparatus in which specimens under experiment

could be supplied with aerated water and with food. Aided

by a grant from the British Association Committee, we
constructed an apparatus which serves for the culture of

the animals, and also for determining whether they flourish

better in vessels through which a constant stream of water

is passing or in similar vessels through which a current of

air is drawn. Inasmuch as the water current in the former

induces the air current in the latter series, we have a means

of accurately determining this question. After a prolonged

trial we find that the prawns on the whole flourish better

in what we will call, for convenience, the "air -circula-

tor" dishes. It is true that we made no effort to exhaus-

tively demonstrate this interesting point, being only in search

of the most favourable conditions for experimenting upon

Hippolyte.

Our apparatus consists of a large aspirator bottle, of a

capacity of about one and a half gallons (Fig. 1, a). The

neck of the bottle is fitted with a cork bearing three tubes

(a, h, c). The lateral opening below has a cork bearing one

tube, the exit-tube. One of the three former tubes is of
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Fig. 1.

Circulatory apparatus. A is the aspirator by which air is sucked through the

" air-circulator " flasks B and C, and then through A to replace the

water circulating through D and E. The rate of the circulation depends

upon the vertical distance x' y between the level of x (the commence-

ment of the outlet tube) and y (the point of exit of the water from the

apparatus). Of the three tubes {a, b, c) passing through the cork of the

aspirator A, a allows air to escape in filling the bottle through b from the

main tank of the laboratory, while c transmits the air from the flasks B
and C.
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wide bore and of stoat glass; it is connected with the main

tank in the Piel Laboratory, from which the bottle can be

filled in about one minute. A second tube {h), the pressure-

tube, passing down almost to the level of the exit-tube,

serves, when the apparatus is working, to give the aspirator

the action of a Mariotte's bottle,—that is to say, to maintain

the rate of flow approximately constant (see F. F. Blackman,

'Trans. Roy. Soc./ 1895).

To this tube is connected a series of glass flasks, through

which air entering the aspirator must pass (see Fig. 1, B
and C). The exit-tube, fitted into the lateral tubulure of

the aspirator, is at its commencement (x) of a very fine bore,

and connects on by its wider end, which projects beyond the

aspirator, with the first of our series of '^ water-circulator "

dishes (D and E) . Each " water-circulator " is made of a

glass dialyser frame having the form of a low cylinder, open

above and below and provided with a lateral tubulure. To

the bottom rim of this dialyser a glass plate is affixed by

means of suitable wax. The exit-tube from the aspirator

is connected with another passing through the cork in the

tubulure of the dialyser, and so bent as to follow the curved

side of the dish, in order that the water which it conveys

may enter the dish at a point opposite the tubulure, and

so be constrained to circulate before making its exit.

Through a second hole in the cork a glass tube just pro-

jects into the dish, and serves to carry the water to a second

similar " water-circulator,'^ whence it flows to a third. To the

upper rim of each "water-circulator" a glass plate ground

at its edges has to be fixed. From the last of this series

the exit-tube discharges the water which has circulated

through the series.

To prepare the apparatus for action, the aspirator is filled,

a wide tube (the escapement-tube) just projecting through

the cork of the neck being opened to allow the air to escape.

The aspirator being full this tube is closed ; the " air-circu-

lator " flasks (the arrangement of the tubes of which will be

I'eadily understood by reference to Fig. 1) are filled to a
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convenient height with water ; the " water-circulator " dishes

are filled completely with water, the glass plates are carefully-

slid on, and thus each o£ these dishes comes to be, from the

physical point of view, a mere dilatation of a long tube

completely filled with water.

Suction is now applied at the open end of the exit-tube

from the last '' water-circulator," air passes through the air-

circulators into the aspirator pari passu with the outflow

of water into the water-circulators. The rate of flow is

determined by the difference in level between the lower end
of the pressure-tube and the free end of the exit-tube from
the last water-circulator (x^ y). By raising or lowering this

latter tube the rate is varied. The rate which we found
most favourable for the cultivation of our Hippolyte was
from 12 c.c. at night to about 65 c.c. per minute during the

day, a rate which necessitates the refilling of the aspirator

some seven times a day. By means of an arrangement of

tubes fitted with two-way cocks, any single '' water-" or ''air-

circulator " can be cut off without interfering with the circu-

lation through the others.

The form of the " water-circulator " dishes described above
was chosen in order that experiments on the influence of

monochromatic light upon the colour-changes in Hippolyte
might be made. To this end we employed the original, as

well as a modified form of Landolt's " Strahlenfilter," which
consists of a cylindrical vessel with glass ends and metal

side, glass plates accurately dividing the chamber into two
or three compartments of required depths. These compart-

ments are filled, through openings in the metal side of the

Strahlenfilter, with the coloured solution made to Landolt's

prescription (see 1894). On some occasions, to ensure high

intensity, light from the incandescent gas burner was re-

flected through the liquid colour-filter into the " water-circu-

lator" beneath.

The colour-filters were, in our hands at least, eminently

unsatisfactory, and a more convenient form of light-filter is

much to be desired (see Nagel, 1898).
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We have been experimenting recently with a more simple

colour-screen consisting of a deep narrow "cell/' made by-

clamping two pieces of plate glass vertically against a stout

piece of india-rubber tubing curved in the form of a U. The
" cell " so formed is quite water-tight. The coloured solu-

tions (potassium chromate, copper sulphate, and certain

aniline dyes) recommended by Nagel (1898) were then tested

severally in different strengths and in mixtures by a Brown-

ing hand spectroscope. Trial alone gives the strengths

requisite for cutting off any portion of the spectrum which

it is desired to eliminate. By this means either a broad or a

narrow strip of the spectrum can be employed.

In many ways this form of colour-screen is more con-

venient than Landoit's, but it has the drawback that for

monochromatic work the light intensity is apt to be low

—

lower, in fact, than that transmitted by the Landolt screen.

For our '^ air-circulators " we now use ordinary glass

flasks, which have the advantage of admitting of ready mani-

pulation, though their curved sides make the observation

of the enclosed animals somewhat more difficult than it is

in the case of the " water-circulator " dishes, with flat plates

above and below.

By means of the " circulating " apparatus we have been

able to keep isolated animals under constant conditions for

upwards of three weeks, and it is our intention to endeavour

to ascertain whether by its means broods of young Hip-
polyte from a parent of a known colour may not be reared

under known conditions.

Algee, especially of the more delicate kinds, are greedily

eaten by Hippolyte varians. In default of these the

prawns will live upon dead animals and plants, and may even

kill and eat specimens of their own kind.

We have made a fairly extensive trial of preservatives

with a view to keeping the colour of these prawns. Alcohol,

glycerine, formaldehyde, sugar and water, potassium acetate,

chrome alum, carbon tetrachloride, have been tested for this

purpose. On the whole, formaldehyde (formalin 2 per
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cent.) is decidedly the best, and retains the " chromatophores '*

and their pigments remarkably well. It is the only reagent

which preserves the blue colour of some of these prawns, but

the inevitable loss of transparency destroys the delicacy of

the azure tint of the living animal.

For histological work on the chromatophores, owing to the

complete solubility of the pigments of the body in alcohol of

higher grades and their alteration by other hardening re-

agents, we have been compelled to rely very largely upon

careful and repeated observation of living transparent speci-

mens. Only in this way can a true idea be formed of the

several pigments, of their activities towards different stimu-

lation, and of the relations of the chromatophores to the

vascular, muscular, and nervous systems. For staining

chromatophores in the fresh state, methylene blue was given

a short but not altogether satisfactory trial. For subsequent

observation material was fixed with osmic acid or its vapour,

washed with weak chromic acid, and preserved in alcohol.

Section II.

Some Colour Forms of Hippolyte varians.

The close resemblance of Hippolyte in colour and in

pattern to its surroundings has been remarked by many
naturalists. Not merely are the markings and tints similar

to those of the weed or zoophyte amongst which it lives, but,

as in many other cases of '' protective resemblance," the

animal when discovered remains quiescent, often requiring

a vigorous shake to induce it to let go its hold. When dis-

placed it jumps towards some other object, on reaching

which it attaches itself and instantly subsides again into its

quiescent condition. That the prawns exert powers of

selection with respect to their weed will be readily realised

from Pis. 32 and 33, figs. 1 to 9, representing prawns placed in

a dish with sea water, to which subsequently pieces of dif-

ferent coloured weeds were added. The prawns were left
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free to select their weeds, and, as is seen in the figures, they

succeeded in making wonderfully accurate colour matches.

It is noteworthy that in captivity the prawns often lie

beneath and along the weed, except when the light falls

only from above, in which case the animals tend to place

themselves in a vertical position (Fig. 2).

Pig. 2.

Showing the vertical position adopted by Hippolyte varians when illumi-

nated by diffuse light from above. The jar had been standing under a

stream of water since the previous evening, and had been shaded from

light except that coming through the muslin cover. The prawns at

10.15 a.m., December 17th, 1898, were without exception in the vertical

(head down) position shown, and though the weed was brown in colour

they were of the most varied tints—green, purplish brown, red, and grey.

The brown variety of Hippolyte varians (mature speci-

mens) abounds amongst the masses of brown Halidrys
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siliquosa which flourish in the " Laminarian zone." In

shape, colour, and occasionally in its attitude this form, as

Professor Herdman has pointed out, closely resembles the

Halidrys pods.

Young specimens of a uniform brown tint occur chiefly

among the fronds of Dictyota dichotoma (PI. 33, fig. 9).

Mature green prawns are somewhat rare at Piel, though

young ones are plentiful in the clear and shallow water of

the Zostera pools. Red, again, is not a tint commonly found

in full-grown Hippolyte varians at Piel, though a few

large and many small pink specimens were from time to

time discovered. Very probably the somewhat muddy
water, stunted weeds, and the comparative scarcity of clean

red weed are the causes of the rarity of this form. The
uniformity of their respective tints in these brown, green,

and pink prawns is on a closer examination less apparent.

The dorsal median line is generally marked by a white or

yellow stripe, and the sides of the carapace or of the whole

body may be spotted with minute blue dots, two of which,

just below and behind the orbit, are curiously constant.

Again, the terms brown, green, and pink cover a great

number of shades, from light chestnut to black-brown, light

green to olive, lake colour to mauve. It is, however, the

immature variegated specimens that present the most re-

markable cases of colour pattern and of resemblance to their

surroundings.

One of the commonest of these is the " red liner," shown
in PI. 32, fig. 5, nestling amongst a tuft of weeds. The colora-

tion is striking, and differs from that of almost any adult

Hippolyte varians. A median dorsal and a median ven-

tral stripe run from end to end of the transparent body,

whilst each segment is crossed by a bar of minute yellow and

red spots. The eye-stalks, the inner edges of the antennal

scales, and the joints of the thoracic limbs are reddish, while

each tail lobe has an elliptical red mark with a clear centre.

The stomach and liver are visible through the carapace, and
appear slightly opaque greenish yellow. By reflected light
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the body appears of a dull grey colour, the red marking

being much less distinct. Along the mid-dorsal line from

the rostrum backwards, spots of brilliant yellow or greenish

yellow, previously invisible, are now distinct. On parts of

the tail lobes, eye-stalks, and limbs, which appeared trans-

parent by transmitted light, similar bright yellow spots are

now to be seen.

We were able to follow the change in the coloration of

this variety for some little time. " Ked liners " appear in

great numbers in July among the finer sorts of red weeds

in Piel Harbour. Many of them measured only 4 mm. in

length, but as they increase in size the red pigment accumu-

lates along the ventral stripe and the cross-bars ; with this

accumulation these regions appear of a dark red or even

blackish colour. These " black liners " become fairly

common in September, much more so in December, when

some of them measured 15 mm. in length, and would now be

described as transparent, and boldly marked by black and

grey or dark purplish lines, the " hump " or point of flexure

of the tail being nearly free from pigments. Were these

forms to increase considerably in size they would present an

appearance identical with that of Hippolyte fascigera,

whose characteristic habitat is the zoophyte-clad stems of

Halidrys siliquosa, and whose independent specific rank

is no longer maintained by such authorities as Dr. A. M.

Norman and A. 0. Walker, Esq., F.L.S.

The occurrence of '' green liners," a specimen of which is

shown in PI. 32, fig. 2, in which the red colour is more or less

replaced by green in the stripes and bars, is not infrequent.

But in this case the data for the probable progress of sea-

sonal colour-change are not forthcoming. More striking than

these " liners " is the black-barred colour form, fig. 3,

which lives amongst the dark alga Cladostephus spon-

giosus. The body is transparent and crossed by two bands

of dark brown, almost black tint, a broad band across the

carapace and a narrower one near the base of the tail ; not

infrequently a third band runs across the apices of the tail
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lobes. Another variety (PL 33, fig. 7), found amongst the

miniature forests of Bowerbankia, is speckled and barred

with light brown on a transparent ground, spotted with

bright yellow when seen against a dark ground. This

variety possesses, in summer, the plumose hairs on the

carapace and abdomen, supposed formerly to be a charac-

teristic of Hippolyte fascigera. In December, however,

these hairs are not usually present. Other colour forms

are seen in yellow and yellow-barred specimens ; in brown

prawns spotted with lighter markings ; in the dark opaque

blue and the transparent, almost colourless or greyish forms,

the exact habitats of which have not yet been discovered.

Indeed, it may be said that the forms are infinite in variety ;

yet it would seem to us that a fuller description even than

that here given is very necessary before it can be deter-

mined with certainty whether any given form follows an

ordained colour sequence, whether change of surroundings

can permanently modify this sequence, problems which we
hope ultimately to resolve.

Hippolyte varians exhibits a certain sexual dimorphism

both with regard to size and to colour. This may be ex-

pressed by saying that the males are on the average much
smaller and less elaborately patterned than the females,

which are more resourceful in adjusting their coloration

to that of their surroundings. From the point of view of

" protection," this difference is only what might be expected

from the greater sluggishness of the female, burdened as she

almost invariably is with a load of eggs or developing larvae.

Section III.

^^ Chromatophores" and other Colour Elements.

It has been observed in the preceding section that the

colours of the bands in red- and other lined Hippolyte
change according as transmitted or reflected light is used for

the examination. We now consider the pigments to which

these colours are due and the nature of the colour elements, the

VOL. 43, PART 4.—NEW SERIES. U U
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repositories of these pigments, which matters appear to have

received hitherto curiously little attention. For the present

we shall regard the condition of a colour form as fixed, re-

serving the account of the chromatophoric changes effected

by light and other stimuli for Section IV.

If a red-lined variety is examined under a low-power

objective by light transmitted through an Abbe condenser,

the colours—except for the green or yellow patches formed

by the stomach and liver and for any food substances in the

intestine—are seen clearly to be due to masses of " chro-

matophores." The chitinous investment and the epidermis

being transparent and colourless allow the muscles,

alimentary tract, the gills, heart, and blood-vessels, to be

plainly perceived (PI. 34, fig. 14). The median dorsal and

ventral stripes of red colour are due to masses of pigment

closely associated with the alimentary canal and nerve-cord

respectively, and require deep focussing for their satisfactory

definition ; while the transverse bars which run across the

body near the hinder edge of each segment are composed of

red and yellow pigment spots placed nearer the surface of

the body, though it is easy to determine that they are not in_,

but below the epidermis. Closer examination shows, in fact,

that the bodies of all the " chromatophores " lie in the

connective tissue, and are definitely related to the digestive

system, and especially the " liver," the vascular and muscular

systems (PL 34, figs. 14, 15, 19, and PI. 35, fig. 23).

Thus, as the peristaltic waves of contraction pass along the

alimentary canal, scattered chromatophores move with the

walls of the gut, though for the most part the pigmented

sheath attached to the wall of the great intestinal venous

sinus (in which the blood is slowly travelling forwards to-

wards the heart) remains stationaiy. In a similar manner,

the ventral layer of "chromatophores'^ surrounding the

nerve-cord is connected with the walls of the ventral blood-

sinus. The pigment spots forming the transverse bars lie

between the intermuscular arteries and venous spaces, and

are frequently closely attached to the walls of the arteries,
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either to those of the segmentally arranged vessels supplying

the swimraerets and coming off in pairs from the dorsal aorta,

or to branches of these which divide in the connective

tissue under the skin of the pleura (PL 34, figs. 14— 16).

The best example of this close relation between the pig-

ment and the blood is seen in the eye-stalk (PI. 34, figs. 17, 18).

Within the eye-stalk lie the optic ganglia enclosed in con-

nective tissue. Between the ganglia are the bodies of two or

more large dark red pigment spots, whose processes extend

right and left, at right angles to the narrower elongated

centres, in a peculiar paired fashion over the ganglia. The

blood is carried by an artery which runs near the surface of

the eye-stalk, and which, after bifurcating, divides into a large

niimber of bi'anches interdigitating with the pigmented pro-

cesses of the " chromatophores " (PI. 34, figs. 18, 19).

Previous observers of these Crustacea do not appear to have

noticed the abundant store of chromatophoric pigment which

exists in the muscles of Hippolyte, especially in the ex-

tensors and flexors of the tail. In these positions the

" chromatophores " are so abundant that if, for example, a

piece of muscle is cut out of a pink prawn, the muscle itself

is seen to be pink, and under the microscope the arrangement

of the pigment is similar to that of PI. 34, fig. 20. The trans-

parent or semi-transparent specimens of Hippolyte (par-

ticularly the immature and male examples) owe such colour

or pattern as they possess more to these " muscle-chromato-

phores" than to the dermal ones underlying the skin. In

larger and more opaque forms the colour is determined

rather by a superficial network formed by the dermal
" chromatophores," which thus hide the (often similarly

coloured) intermuscular ones (PL 35, fig. 24).

The presence of pigment distributed in " chromatophores "

among the muscles is by no means peculiar to Hippolyte
varians. In the true prawns (Pala3mon serratus) the

stripes of colour are due to superficial "chromatophores" in

the skin, each containing red and yellow pigment surrounded

by a little blue. In the depths of the tail muscles there is
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a store of (chiefly) blue pigment^ which takes no part in the

superficial coloration of the animal.

We turn now to the detailed examination of the " chroma-

tophores " themselves, and for the purpose we select a pig-

ment spot from one of the transverse bars on the abdomen.

Occasionally such a spot or '^ chromatophore " has a distinct

central " body " from which run branching and anastomos-

ing processes; more usually (PI. 34, fig. 19) there are two

densely coloured and ill-defined central portions of a red

colour by transmitted light. The processes are either red or

yellow, finely branched, and, in places, continuous with those

of adjacent '' chromatophores." By means of a high power

the processes are seen to be tubes with a distinct wall, a

feature most readily ascertained when the pigment has

broken down into small globules separated by clear spaces.

We have repeated this observation on a great number of

"chromatophores" from different colour varieties, and

though the finer arterial branches resemble chromatophoric

processes free from pigment, the large blood-corpuscles in

the arteries and the indubitable presence of pigment granules

in the intact processes readily serve to distinguish these

structures. In fact, with practice, the translucent, branched

tubes can be seen radiating from a " chromatophore " whose

pigment is retracted into the central " body." The " chro-

matophore " is a structure whose outline is fixed,—that is to

say, the processes are limited by a definite membrane.

Colour-changes in the animal are caused by movements of

the pigment within the chromatophores, movements which

may be modified by nervous impulses, but of the nature and

origin of which we know nothing.

Summarising the more striking features of these colour

elements in a red-lined Hip poly te varians, we may point to

the presence of red and yellow pigment (and to anticipate,

we may add blue) in the same " chromatophore ; " the close

relation of these colour elements to certain organs, and par-

ticularly to the vascular system ; the tubular nature of the

processes and flowing movement of the pigments ; and the
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fusion of the brandies of one chromatophore with those of

others. On one point, the histological character of these

colour elements, our evidence is incomplete. We have not

been able to demonstrate that the pigment spots or " chro-

matophores " are " cells." In most cases the pigment
appears to be stored in connective-tissue lacunae. On the

other hand, the flowing movement of the pigment to and
from a " centre " seems only explicable on the view that

these bodies are really cellular. We may point to the

recent work by Holmgren and Schreiber on the crayfish and

prawn for evidence on this head.

Holmgren has shown (1898, p. 409) that in the prawn
(Palsemon) the chromatophores are nucleated connective-

tissue cells the processes of which are frequently confluent.

Both authors describe a peripheral nerve-plexus in close con-

nection with the colour elements and the ordinary nerve-trunks.

So far we have dealt only with the most prevalent kind of

" chromatophores," but there is another element to which we
must briefly refer. At the bases of abdominal pleura, along

the mid-dorsal line, on the eye-stalks, and in few other

positions a colour element occurs which possesses fine branches

radiating from a well-marked central body. By transmitted

light these spots are almost invisible to the naked eye, whilst

under the microscope they look yellowish or dull greyish

green. By reflected light they are brilliant yellow, more
brilliant indeed than the yellow of the ordinary chromato-

phores. They are filled with minute granules (often 1 ^ in

diameter), together with a small amount of homogeneous
yellow pigment. Similar colour elements are of constant

occurrence in allied Crustacea.

Leaving the red-lined variety and turning to the brown
colour form ofHippolytevarians, we encounter an arrange-

ment different from that just described. Under the micro-

scope the colour is seen to be due to a dense red network
enmeshing the clear cells of the epidermis, and blotched here

and there by green patches (PI. 35, fig. 24). Some patches,

bolder than the rest, seem to indicate the position of the
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centres or bodies of the " chromatophores." The network is

continuous from one end of the body to the other^ and from

the right side to the left. By the aid of the microscope the

green patches can be resolved into yellow and blue pigments

lying in the same ^ processes : in other parts of the reticu-

lum yellow pigment may be seen close to the red. The

brown colour^ in factj is due to the superficial processes of

" chromatophores/' the bodies of which lie in the subjacent

connective tissue and give off other deep intermuscular pro-

cesses, which are only revealed after the removal of pieces of

the integument. The red pigment is fully expanded, the

yellow considerably less, and the blue very slightly.

This blue pigment, which we here encounter for the first

time, is treated at some length in the section on Nocturnal

Coloration (Section V, p. 622), and we need say little about it

here, as it plays a much less important part as a rule in deter-

mining the tint of the prawn during the day than the red or

yellow. Whether, like these, it pre-exists stored up in the

centre of the "chromatophores," or can be, under suitable con-

ditions, rapidly manufactured out of the red or yellow pigment,

or whether both these alternatives contain something of the

truth, we have nob determined. Till our knowledge of the

chemical nature of the pigments—presumably lipochromes

—

is extended in the way which Maly (1881) and Newbigin

(1897) have indicated, these questions must be left open.

To return to our description of the pigment bodies in the

brown varieties of Hippolyte. In addition to the '^ chro-

matophores^' just described, blue spots in the sides of the

body, often visible to the naked eye, are of frequent but not

of constant occurrence (PL 35, fig. 21).

These blue spots occur in other colour forms of Hippolyte

—for example, in green and variegated brown specimens,

—

and the same description will apply to most cases. In form

and in size they are most variable. They may be spherical,

almost black by transmitted light, and provided with a few

short lighter coloured processes, or they may be elongated,

' Or in closely apposed ones.
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half a millimetre in length, and delicately plumose. The
commonest form, perhaps, is that of an irregular blue net-

work somev/hat elliptical in outline (PI. 35, figs. 22, 25).

The marginal strands of the network fray out into thinner,

lighter coloured processes ; the central strands are thick, and

enclose in their meshes a ti*ansparent substance. By reflected

light the blue spots are pale opaque blue, by transmitted light

nearly black.

A remarkable feature of these blue spots is that they

are very generally separated, optically at least, from the

surrounding chromatophoric network by a clear enclosing

space. Not entirely, however, for across this clear halo there

extend fine greenish-yellow or bluish radiations, continuous on

the one hand with the frayed-out marginal strands just re-

ferred to, and on the other with the surrounding " chromato-

phores," Usually two or more of these radiations are stouter

than the rest and more obviously continuous with the ad-

jacent network.^ They differ, too, not only in being stouter,

but also in the character of the pigment which they contain

;

for by day they contain red pigment and join the red net-

work we have described, whereas at night they contain blue

pigment. We refer to this matter, which belongs to the

next section, for the purpose of showing that the red pigment

must either be concealed by the thick blue granular pigment

at the centre of the " blue spots," or that the blue must be

replaced by red radiations formed out of this pigment.

We will now briefly discuss the green and pink colour

forms. Specimens emerald green to the eye, examined by

light transmitted through an Abbe condenser, appear much
paler and yellower in colour; while by reflected light the

green assumes a dull dark tone. The body of the prawn is

transparent enough to allow the spherical, clearly defined,

almost black centres of the " chromatophores,'^ and the deli-

cate close yellow network formed by their processes, to be

clearly seen. The black centres have a faint bluish or green-

ish halo, and under the high power a delicate blue reticulum

» PI. 35, fig. 25.
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can be seen all over the body of the " chromatophore/' but

particularly clearly at the margins of the " blue spots." It

is the close association of the yellow and blue network

—

perhaps in some regions the two pigments actually form parts

of one reticulum—that causes the green colour.

We saw, in dealiug with the brown Hippolyte, that it

was the network alone which gave rise to the colour of the

animal, the greater mass of the pigment of "chromatophores"

playing no part in the naked-eye colour, being, indeed, con-

cealed by the surface colour. Here, in the green variety, the

same is largely the case, the finer branches and the super-

ficial branches of the colour elements alone give rise to the

gross colour.

In the brown colour form, red is fully expanded, yellow

slightly, and blue least of all ; in the green variety, yellow

and blue are fully extruded, while the red is so densely

retracted as to have the appearance of spherical black dots.

To complete the comparison, take the case of a pink specimen,

the nearest approach to a red variety which the neighbour-

hood of Piel or of St. Vaast permits. Here the " chromato-

phores " are large, moderately expanded, that is to say,

the red pigment exists in a coarse network (PI. 35, fig. 25),

while, except for the " blue spots," the blue and yellow are

absent or invisible.

The general conclusion, which must be of great use in future

examination, may be noted : that the colour of the network

defines the gross colour of the animal ; and that, in any form,

great stores of pigment, more or less concealed by the net-

work, exist in the intermuscular " chromatophores."

Section IV.

Colour Mutability of Hippolyte varians.

We have seen that the young specimens of Hippolyte
varians often exhibit colorations distinct from that of adults,

and we have shown that the patterns of the variegated forms

and the tints of the uniformly coloured specimens are deter-
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mined by the mode of distribution of the '' chromatophores/'

and by the relative degrees of expansion of their contained

pigments. We have described some of the more prevalent

colour forms, without more than incidental reference to their

possibilities of colour-change.

That Hippolyte varians is to some extent capable of

colour-change is well known (see Kinahan, 1857 ; Herdman,

1892, etc.), so that what we have described as different colour

forms are in reality but the most stable phases in animals

undergoing a series of colour-changes. We have now to dis-

cover the extent of these changes in each case, the conditions

under which they occur, and in what way change in condi-

tions affects the redistribution or other modifications of the

pigments of the '^ chromatophores."

Earlier observers have attributed change of colour to change
in the nature of the ground over which the animal is passing,

to its change of habitat from one coloured weed to another,

and also to a limited extent, in captivity (Pouchet, Malard),

to change in illumination.

When we remember that such classical problems as the

causes of colour-change in the frog and the chameleon have

only been quite recently thoroughly reinvestigated—that of

the frog by Professor Biedermann (1892), of the chameleon by
Dr. Keller (1895)—we shall not be surprised that uncertainty

should still exist as to the nature of the stimuli which modify

the coloration of these prawns. Professors Biedermann and
Keller have shown that colour- change in the frog and the

chameleon is produced not by light only, but also by contact

of the toes with different substrata, by variations in tem-

perature, and by changes in the amount of oxygen available

for tissue respiration. These external changes are all

effective in exerting a certain nervous activity which is mani-

fested by change of colour. We are still engaged in

endeavouring to unravel the tangled skein of causes in the

case of colour-change of Hippolyte; as yet the only factor

the influence of which on colour-change we have investigated

with any fulness is light. In this section, therefore, we shall
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confine ourselves to the consideration of liglit as a stimulus

to colour-change.

Effect of Colour of Weeds on Colour-change in

Hippo! yte.^—In this section and in the tables appended to

it we give some of the evidence we have obtained showing

that by replacing weed of one colour by that of another^ a

sympathetic colour-change may manifest itself in the prawns,

though this certainly takes place to a less marked degree

and more slowly than we had been led to anticipate. The

experiments were made either in our "air-circulator" vessels

or in dishes placed in the garden of the Piel Laboratory in

full light. The colours in the record are those of the prawns

as seen when placed, detached from their weeds, in a white

porcelain dish, proper precautions being taken to minimise

the ill effects of these artificial conditions. We deal here

only with the diurnal colours.

In case the records of these experiments, which we feel

should be given at some length, are too tedious to be read

by those not engaged in colour work, we preface them with

the following summaiy.

Adult prawns when placed with weed of a new colour (the

light intensity being as far as possible unaltered) are, under

the conditions of the laboratory, only capable of very slow

sympathetic colour-changes. Thus green Hippolyte placed

on brown weed conserve this green colour even for a week

or more, but in the end give way and become brown. Their

subsequent recovery when placed with green weed is more

rapid. We have repeated such experiments in the open, time

after time, and have found that the prawns were either quite

refractory or responded in this slow manner.

Two greenish-brown, large female prawns are fully recorded

in Table III, p. 670. They were taken from a number captured

on July 26th, 1898, and were placed on the 28th in a glass jar

with Zoster a (green weed). A muslin cover was tied over

the jar, through which a strong current of water was main-

tained. From the table it will be seen that the animals re-

» See Tables I—IV, pp. 660—672, and Summary, p. 651.
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mained during the first three days of an olive- green colour,

but became more transparent. It was only at midday on

the SUthj after having been for about fourteen hours in

the dark, that a distinct green colour manifested itself.

This green colour persisted in the light, and changed on the

31st to a greenish yellow, matching the lower parts of the

Zostera stalks.

The change in this case from olive-green to bright emerald

green, accompanied by an enhanced transparency, is not

very great j but the close agreement of the colour with that

of the weed is striking.

We have also other records of brown prawns becoming

green on green weeds. Thus three adult and three small

prawns taken the day before (July 27th) were placed (on

July 28th) in a '^ water-circulator " dish containing Ulva
and other finer green weed, and exposed to diffuse light.

One of the adults, a dark ''fascigera " mottled with grey,

underwent no change during the experiment, which lasted

till August 1st, A second adult became of a lighter brown
colour, developed a temporary green tint, but became brown
again on July 31st, on which day it died. The remaining

adult became dark green on the 29th. Of the three small

prawns two had become bright green by the 29th,

The opposite change from green to brown is well shown in

the case of Prawn d in Flask B (Table II, p. 662) , On July

22nd this green specimen was placed with brown weed, and
on the 25th, after being exposed to alternate diffuse light and
darkness, was the same tint as the finer brown weed,

A fourth example of our experiments on the influence of the

colour of the weed on colour-change of Hippolyte may be

given, viz. the effect of red weed (Delesseria) on green

prawns (Table IV, p. 672) , The microscopic appearances of

two green specimens were noted (August 8th). The prawns
were then placed with the red weed in a ''water-circulator "

jar in the open. The experiment began at 12.30 in bright

sunlight, but after half an hour the weather became dull and
cloudy. At 4 p.m. one prawn had become of a clear brown
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colour. On microscopic examination the red pigment, which

had before been retracted, was now fully expanded, the yellow

more retracted. The other specimen was dull green, but had

emitted some red pigment. The change was in the direction

of a red tint. The failure to assume it may be connected with

the fact that this red colour is associated with an absence

of yellow, whilst the green prawn possesses much pigment of

this colour.

The four experiments which may be taken as typical of a

large number (pp. 658—669) show that a certain sympathetic

change of colour is possible, but that the range of colour muta-

tion accompanying change in the colour of the weed is not

great, and that the rate of change is generally very slow. With

some forms, notably the small Hippolyte varians, which

are always of a bright green tint when living in shallow

water amongst the leaf-like branches of Zostera, little or

no colour-change attends their transference to weed of

another colour. Indeed, in a batch of prawns of any colour

there are always a considerable proportion which are un-

affected by such changes.

We must now return to the first of the three experiments

just given, to consider the apparently astonishing result that

a sympathetic change of colour from brown to green takes

place in the dark.

In endeavouring to account for this sympathetic change

occurring in the dark, two facts must be borne in mind, for

in all probability at least two factors are involved. In the

first place, light is not the only efiicient stimulus to colour-

change, as we demonstrate in Section VII ; and in the second

place the greening of the brown Hippolyte is attributable,

at least in part, to an after effect of the light-stimulus.

During the night the particular trend of nervous activity

which had determined the diurnal colour, in combination

with external conditions, is suspended. The animal during

the night assumes an entirely different hue, of which we

speak later. On the succeeding day, even though light be

excluded, the animal resumes its nervous way, takes up its
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chromatoplioric habit at the point where^ being overtaken by-

night, it had been compelled to leave it at the close of the

previous day. That this is so we prove in the section on

Nocturnal Colour. We suggest that a change owing to

change of weed, for example, which may not have had time

to express itself before nightfall on the previous day, may

make its appearance as a modification of colour on the day

ensuing. The argument may seem extravagant, though less

so, we think, than the fact, and less, too, when the section

on Nocturnal Colour has been perused.

Effect of Change in Light Intensity.—Though the

prawns offer no quick change of colour in response to colour-

change in their weed, preferring ordinarily to change their

habitat rather than their habit, they offer a series of re-

markable colour responses to well-marked changes in light

intensity or light distribution. Professor Herdman has sug-

gested that the lack of sympathetic colour-change in response

to change of colour of the accompanying weed is attributable,

at all events in part, to the dulness of light conditions at

Piel. The facts with which we now deal seem, however, to

point away from that suggestion.

The following observations indicate the pronounced nature

of the colour-change which alteration of illumination induces

in Hippolyte varians. The specimens, taken (August

15th, between 4 and 6 p.m.) from the trawl or bottom

tow-net, were at once divided into four lots, each lot con-

taining representatives of the various forms obtained. These

four lots were disposed as follows (Table V, pp. 674—676) :
—

(A) in clear glass jar left standing open on deck, (B) in a

glass ]'ar covered with fine muslin, (C) in a white porcelain

jar with muslin cover, (D) in a blackened jar with black

cover. The jars A, B, C, D all contained fresh sea water

but no weed. After an hour the specimens in B (glass jar

with muslin cover), and especially in C (porcelain jar muslin

covered), were found to have undergone a marked change,

whilst those in A (clear glass jar) and in D (dark) were prac-

tically unaltered. We have repeatedly tried the experiment
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in the afternoon and early evenings of August^ 1898^ and

always with the same general result. The change in B
(muslined jar) and in C (porcelain jar), no matter what forms

are contained therein, is in the direction of green or blue.

All transitions towards these colours are found, including

some so completely modified as to appear of a bright trans-

parent azure blue. Speaking chromatophorically, the effect

of a short sojourn of the prawns in these jars is a general

retraction of the red pigment, and a slight expansion of the

blue accompanied by increase in transparency. Brown

specimens become green; "black-barred/' greenish-barred;

"red-liners," green-lined; and pink, mauve. If these speci-

mens are kept in muslined flasks, or in white jars with muslin

covers, under a good circulation, and supplied with food in

the shape of small pieces of weed or dead Crustacea, the

diurnal coloration remains green or bluish according as the

specimens contain much or little yellow pigment. Whereas

if, under the same conditions, a quantity of weed of one or

more colours is introduced, the red pigment is extruded
;

bluish-lined and barred prawns becoming black-lined and

black-barred, and some green ones turning brown.

The greening effect is also well shown by a short exposure

of Hippolyte varians of different tints in a white porce-

lain dish either to diffuse light, or—in which case the result is

more marked—to sunlight or incandescent light. The change

is very rapid, a few minutes' exposure being sufficient to induce

the green or blue effect. Some of the evidence for this is given

on Table VI (Light Intensity, Expt. 2), where the chromato-

phoric changes are also recorded. Five brown prawns were

chosen. They were placed, one (E) in a black jar ; another

(F) exposed to sunlight in a glass dish on a black plate ; a

third (I) in glass jar half filled with dark grey sand; and the

two remaining prawns (G and H) in a white porcelain dish.

The experiment was begun in the garden at 12.30, in cloudy

weather with occasional gleams of sun. At 2.30 G and H
had lost most of their brown colour and had become greenish,

G particularly ; I was altered to a darker brown ; F was
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unchanged^ and E had gained transparency and a slight

green tint in the middle of the body, but was otherwise un-

altered. Examination showed that in the two (G and H)
which were green the effect was due to retraction of the red

and extrusion of the blue, which with the yellow already out

gave the green tint. These two (Gr and H) were now put

into the jar standing on the black plate, and at 4.50 and 7.5 p.m.

were full dark brown ; while E and F were transferred to

the porcelain dish, and at 4.50 were greenish brown.

Thus we see that alterations of light intensity and of the

distribution of light act as powerful stimuli to colour-changes;

that light of low intensity scattered evenly from the surface

of the vessel produces a retraction of the red pigment and an

evolution of the blue (possibly also of the yellow)—in other

words, a green colour—during the hours of daylight; that

light of low intensity, either absorbed by the walls of the

vessel or unequally scattered over its interior, effects the full

expansion of the red pigment, and to a less extent extrusion

of the yellow.

Hippolyte avoid high light intensity by creeping under

the shadow of the dish. It is noteworthy that when, how-

ever, they are compelled to submit to it—placed, for example,

in a porcelain dish in the open—the high light intensity pro-

duces a green effect; whilst if the prawns be similarly ex-

posed, but in a dish with a background which absorbs the

light, the red is maintained fully expanded, or retracts but

gradually.

Effect of Monochromatic Light.—Having ascer-

tained that the distribution of a pigment in the ^^chromato-

phores" of Hippolyte varians is profoundly influenced by
the quantity of light, we next endeavoured to determine

whether the quality of the light to which the prawns were
exposed exerted any similar effect. For this purpose we
employed the Landolt " Strahlenfilter" already described.

As sources of illumination we used, in some cases, diffuse

light, in others incandescent gas-light, and again in others

bright sunlight. The colour-screens do not transmit abso-
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lutely pure monocliromatic lights but the quantity of light

other than that of the colour desired is not considerable, and

has been accurately determined by Landolt.

In none of our experiments did we obtain evidence that the

coloured light exerts, by virtue of its quality, any positive

influence on the diurnal conditions of the pigments. Even

when bright light of high intensity was reflected on to the

filters by means of mirrors, the results were exactly those

which we obtain by subjecting the animals to very dim light

or darkness. The prawns exposed to approximately pure

red or blue light rapidly became of their nocturnal colour

(Sect. V). Green light has, however, less effect.

Table VI, p. 678, gives the result of experiments with differ-

ent coloured lights compared with those made by varying

the light intensity. Specimen A, a light brown Hippolyte,

in which the red and yellow pigments were well expanded,

was put at 12.20 under a red colour-screen, through which

daylight- was transmitted. At 1.5 the pigmentary condition

had become entirely altered. The red and yellow were

retracted and replaced by blue. As far as the colour was

concerned the prawn was now a " nocturne " (as we explain

in the next section) . The same change occurred in another

specimen (D) placed in blue light. Those in the green light

(B and C) had up to 1.5 shown no change; while the brown

prawns (Gr and H) in white porcelain dish had become green,

and one on grey-black sand (I) from brown had changed to

an even darker tint. At 2.30 Gr and H were transferred

to a glass jar standing on a black plate, where they became

and remained dark brown. At 7.5 p.m. all the prawns in

the coloured lights were blue ('' nocturnes "), those in the

porcelain dishes were greenish, and the others, on the black

surface, brown. Our other experiments confirm this result,

that coloured lights, if they produce any effect, cause a

retraction of the red and yellow pigment and expansion of

the blue, accompanied by increased transparency; in fact,

the result is the blue colournormally induced by the darkness

of night (see Summary of Experiments on p. 652).
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It might be thought that this surprising result is due to

the " light filters " transmitting a very feeble light, practi-

cally only equivalent to dimness. We have endeavoured by

the use of incandescent light and reflectors to bring the

coloured light up to a high degree of intensity, and the results

are the same as when daylight is employed.

We conclude, then, that whereas light-intensity plays a

considerable part in determining the colour patterns, the

quality of light has no effect ; a conclusion which harmonises

with that derived from our observations on the small effect

of different coloured weeds in modifying the colour. It seems,

then, that this small and very slowly effected change is in all

probability due to response to the different intensities of the

light reflected from the differently coloured surfaces of the

red, green, or brown weeds.

A possibility, however, remains—that the quality of light

may exert a directive effect on Hippoly te ; may, failing to

cause it to change its spots, cause it to change its position.

Though we have endeavoured to obtain evidence as to the

truth of this conjecture we have not yet succeeded. So far

as our experiments have yet proceeded we find that, though

the possession of a " colour sense " has been ascribed to so

lowly a Crustacean as Daphnia, we have no need, even

though we had the desire, to make a similar demand on

behalf of Hippoly te varians. We may, therefore, refrain

from discussing what exactly the term '^ colour sense" would
imply with respect to a Crustacean.

Conclusion.—Hippolyte varians is a parasite on sea-

weeds and zoophytes. On these it finds both food and shelter.

Its prime object in life is to anchor itself. Once fixed, rather

than release its hold it will allow the ebb-tide to leave it

stranded. By its immobility it has grown into its surround-

ings and become coloured like them. Should it be forcibly

separated from its favourite weed its movements become of an
aimless sort. Its nervous system is thrown out of gear, so that

it does not, at least for a time, exhibit the phytotaxic irritability

which we believe it (for reasons given on p. 594) to possess.
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Hippolyte exhibits marked sensitiveness to changes of

light-intensity, but offers no rapid positive response to light

in virtue of its colour. At least three kinds of colour-change

must be distinguished. First, the slow sympathetic colour-

change which accompanies a change in the colour of its weed.

Second, the rapid changes produced by altering the light

intensity. Third, a periodic habit of changing from the

motley of the daytime to blue at night. We deal with this

habit in the next section.

Section V.

Nocturnal Colour.—Nocturnes.

Hippolyte varians, living in the so-called ^''Lami-

narian zone,'^ is subject, owing to tidal movements, twice

every twenty-four hours to change in illumination. At high

tide, the animals may be living in comparative obscmnty

beneath twenty feet of muddy water ; whereas later in the day,

in the season of spring-tides at all events, the prawns may be

exposed in shallow pools to full daylight. Since Hippolyte

seems not to wander far from its food-plants, and since,

moreover, as we have shown, it is very sensitive to change

in light-intensity, there will doubtless be daily changes of

coloration in the prawns in response to these periodic altera-

tions in light. "VVe find, in fact, that at very low spring-

tides in summer, which always ebb about 6 a.m. and 6 p.m.,

prawns from the Halidrys beds are of a lighter tint than

those trawled from the same spot in several feet of water. A
careful study of colour-changes of the littoral fauna would

probably bring to light many cases showing response to

recurring alterations in illumination.

A much more important colour-change than that which we
have just recorded is effected by the daily alternations of

light and darkness. Every evening, as darkness comes on,

Hippolyte gradually loses its distinctive diurnal colour. In

summer the change begins about 9 p.m., in winter at about

5 p.m. Toward this or that time, according to the season, a
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reddish tint—a sunset glow—the foreshadowing of the

change, makes its appearance. This is followed by a green

tinge which spreads fore and aft from the middle of the body.

The green colour gradually melts into blue, and a general

increase of transparency sets in. Thus, as darkness falls.

Hip poly te is seen to become of a wonderful azure blue

colour and absolutely transparent, except in the region of the

liver and stomach, which are now very clearly visible. The
depth of the blue colour varies in different specimens ; in

some it is almost indigo, in others the faint azure of a sky at

sunset (PI. 83, figs. 10, 11).

During August or September specimens of Hippolytein
the laboratory or tankroom undergo this change in one and a

half to two hours, during December in about one hour.

Prawns in this nightly condition, exhibiting a deep yet

transparent blue colour, we propose to call nocturnes; those

which become more transparent, greyish or almost colourless,

"grey" or "colourless" nocturnes. The term semi-
nocturne may be used to designate the antecedent phase

during which the animal is green and semi-transparent.

We give a few cases to illustrate the change. A "red
liner " (fig. 14) becomes green-lined in twilight : and in dark-

ness, faintly blue-lined on a highly transparent ground. In a

"black-barred" specimen (PI. 33, figs. 12, 13) the transverse

markings become deep blue, standing out boldly against the

transparent intervals. Dark brown forms become bluish

green and ultimately deep transparent blue. Red specimens

become first mauve, then colourless or bluish. Green forms

pass quickly into the blue nocturnal condition.

To show that this nocturnal change occurs in Hippolyte
living under natural conditions we give the following extracts

from our diary :

I. August 20th, 1898. Dredged with strong tow-nets over

the Halidrys bed at Piel, 9 to 9.30 p.m. Tide low, night

dark but clear. Eesult :—All Hippolyte were nocturnes

when examined at the moment of capture by the light of

lamps carried in the boat. During the return trip they were
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exposed to this light, and many recovered to their diurnal

tints, but several were still quite blue and transparent when

recorded again in a white porcelain dish in the laboratory.

II. November 22nd, 1898. Mr. Andrew Scott (Curator

of the Piel Laboratory), working during a very low tide on an

exposed bank called the " Scar " at 5.30 a.m., observed that

the prawns in the tide-pools were brown, green, and pink.

The morning though dark was starlight ; the moon, being in

her first quarter, shed little light.

III. December 15th, 1898. On the Scar from 6 to 7.30

p.m. Very low ebb. Night clear, calm, and starlight. The

Hippolyte collected in the pools consisted of nocturnes and
" diurnes " in about equal proportions, while those trawled in

two feet or so of water on the outer side of the bank were all

full nocturnes.

IV. December 16th, 1898. On the Scar by 6.30 a.m.

Very dark thick weather, calm with misty rain. Poor ebb^

only a small portion of the bank showing above water. All

specimens obtained by hand-nets in the pools and among the

weeds were nocturnes (some transparent and colourless).

Dawn commenced about 7, and by this time some of the

Hippolyte showed partial recovery to their diurnal tints.

As it grew lighter the proportion of these increased, until at

7.30 to 7.45 none but fully recovered specimens were to be

found.

These facts establish the conclusions that the transparent

and usually blue nocturnal condition of Hippolyte varians

is due to a normal and nightly change, that the change

occurs while the prawns are still on their beds of weed, that

the twilight before daybreak may be sufiicient to induce a

recovery of the diurnal colour in prawns occurring close to

the surface of the water, and that the recovery is usually to be

associated with the dawn, and gradually affects those indi-

viduals which may be a few feet below the surface.

Hippolyte varians is not the only Crustacean in which

we have discovered such a nocturnal change. In the same

hauls which contained several nocturnes of this prawn we have
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frequently obtained specimens of Mysis (Macromysis
neglectus and M. inermis^) of a transpai'ent bluish-green

colour, and other Mysidee of a biglily transparent, colourless

appearance, wbicli recovered to a more or less pronounced

brown colour on exposure to light. Pandalus annuli-
cornis, which varies in colour during the day between green

and red, exhibits a transparent and colourless (or slightly

yellowish) nocturnal aspect. Other species of Hippolyte
(H. spinus and H. pusiola), brightly coloured by day, have

a faint bluish and very transparent nocturnal coloration.

We are not aware that this recurring colour-change at night

has been previously described in any Crustacea, but the

observations made by Verrill on several species of fish

(1897) show that they exhibit, when asleep at night, a colour

and position very different from the tints and attitudes

which they manifest during the day.

On bringing a number of nocturnes of Hippolyte
varians into the light, or on flashing a lighted magnesium
ribbon over a dish containing them, the prawns recoil from

the light with a sudden and violent start, and swim actively

about. When rapidly examined under the microscope by

incandescent gas-light their '^chromatophores '^ undergo

such speedy change, that in a minute or less the transparency

has gone and the diurnal colour returned. In winter,

however, the change is generally much slower, so that it is

possible to examine them even with high powers and to

discover the source of the blue colour. The transparency of

the body is wonderful, and, as Professsor Sars found in 18G7

to be the case with Mysis, greatly facilitates the study of

their anatomy. The outlines of the individual strands of

muscle, the connective-tissue networks and bridles, the

muscles of the heart and its ostia, the arteries and their

branches, with the blood-corpuscles swiftly flowing along them

and returning more leisurely by the veins, the gills, the

alimentary canal, the nerve-cord, the optic ganglia, can all

1 We are indebted to A. O. Walker, Esq., F.L.S., and W. I. Beaumont,

Esq., for their kind aid in the identification of these Crustacea.
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be seen, but as though immersed in a clear blue stain. The
" chromatophores " are reduced to shrunken blobs of a

blackish colour, distributed under the alimentary canal,

along the nerve-cord, on the optic stalks, and scattered

through the connective-tissue networks. The " chromato-

phores" are separated from one another by comparatively wide

spaces, and are each surrounded by a delicate blue halo ; a

most delicate and intricate blue reticulum connects these

halos one with another. It is this reticulum which gives the

blue tint to the nocturne. The blue network is sti'ongly,

perhaps chiefly, developed in the muscles. The excised

muscle of a nocturne is of a brilliant blue colour. In speaking

of the prawns as seen in the daytime, we alluded to the

stores of chromatophoric pigment which occur in the muscles.

In some specimens of a faint blue colour to the naked eye,

the blue tint becomes invisible when viewed by the powerful

light concentrated by a sub-stage condenser, and in all cases

the tint appears much less vivid under a microscope than to

the unaided eye.

The result of a large number of observations on the

" chromatophores " of nocturnes shows that the red and

yellow pigments are fully retracted, forming irregular

blackish masses. By reflected light the centre of each
'^ chromatophore " shows as a dark red mass with lighter

yellow patches, the whole enveloped in a blue pigment (PI.

36, figs. 33, 34).

In some specimens strong reflected light reveals peculiar

coloured vacuoles at the " centres." The nature of these

" vacuoles " we have not investigated.

During the examination the blue colour fades away from the

reticulum very quickly, and becomes concentrated round the

centres. The colourless branches of the " chromatophores "

may now be seen as the yellow and then the red pigments

flow outwards into them (PI. 36, fig. 33). By reflected light

the " chromatophores " now look green, with a bluer margin.

The further succession of events is diflficult to record, as

several rapid changes take place simultaneously ; but it is
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worth while noting that the "blue spots/' plainly visible

during the height of the nocturnal phase^ are during this

period clearly continuous with the general blue reticulum,

being connected therewith by branches which radiate from

the centres of the blue spots across their clear surrounding

"halos." As the recovery to the diurnal tint progresses,

these branches become red and join the now red network.

The blue substance has the homogeneous appearance of a

pigment in solution. It takes but a limited share in the

coloration of the prawn during the day. The ventral denser

sheath of " chromatophores " and, in many specimens, the

thoracic limbs are the portions in which it chiefly persists

in the diurnal phase. It is interesting to note in connection

with the general lower light-intensity during the winter, that

more blue is observed in the same colour varieties of Hippo-

lyte varians during December than in July and August.

Whether, however, all the blue of a nocturne consists of

pigment extruded from the " chromatophoric " centres in

which it is stored during the day : or whether there is an

actual transformation of one or all the other pigments into

blue, are difficult questions. Extracts of five brown specimens

and of five brown ones in the full nocturnal phase in equal

quantities of 90 per cent, alcohol gave approximately simi-

larly coloured (red) solutions. This tends, as far as it goes,

to show that the red and yellow pigments are not metamor-

phosed. But more suggestive of a similar conclusion are

Exps. 1 and 2, Tables I and II, showing that the nocturne

may pass in a remarkably short space of time over into the

diurnal phase and back again to the nocturnal one. We have

nothing, however, to say here concerning the difficult matter

of the origin and relations of the pigments, though we hope

subsequently to follow up this as well as some of the many

other lines of investigation to which these colour-phenomena

point (see Newbigin, 1897, 1898, and authorities quoted).

So far we have dealt with the natural nocturnal colour in-

duced by darkness. We must now consider certain means by

which the assumption of the nocturnal phase may be hastened
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and the recovery from it postponed. In the previous sections

we proved the sensitiveness of Hippolyte varians to

changes of light-intensity. By exposing prawns in muslined

or porcelain jars, or in white dishes, to bright light in the

open or to incandescent gas-light, a change of colour to green

was shown to be induced. We can now show that by con-

tinuing the experiments on freshly caught specimens till

evening, the green colour deepens into the blue nocturne

phase. In fact, the readiest mode of inducing the nocturnal

condition is to place some prawns in a white jar, to cover the

jars with muslin, and to add only a scrap or two of weed

to serve as food. Placed under a current of water the

specimens assume the nocturnal hue fully an hour or more

before others in clear glass vessels. The following morning,

at an hour when other prawns freely exposed to diffuse

light have fully recovered, some of those in muslined jars

are still nocturnes, and these generally exhibit a preference

for clinging to the under surface of the muslin close to the

light. Similar experiments made in December, 1898, with

flasks enclosed in a double fold of white muslin, with and

without green weeds, show that a green colour becomes

habitual with originally olive, blackish, and brown specimens,

and that this colour readily passes into the nocturnal tint

during twilight. It would seem, indeed, that in captivity

specimens live better in winter than in summer, and acquire

and retain their nocturnal colour more readily.

Scattered white light, then, predisposes the prawns to

change in the nocturnal direction. In this light, which is

markedly different from that which the animals experience

whilst hanging or lying motionless on their weeds, the colour-

patterns, which their habitat has in some way or other im-

pressed on them, are lost. Nothing could more clearly show

that the maintenance of the colour-patterns in the normal

prawns is the work of the nervous system ; though why the

nervous system fails to maintain the sympathetic coloration

under the peculiar light-conditions just indicated is beyond

us to explain.
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So far^ we have considered the nocturnal condition as

induced by darkness^ or facilitated by the use of muslin

covers on the jars containing the animals. This phase may,

however, be effected in bright light. If specimens of Hip-
polyte which have stood for some hours in a white dish,

or which have just been caught, be exposed towards evening

in a porcelain dish to the full glare of the incandescent light,

they (in most cases) gradually assume the characteristic

nocturnal colour. These " light-induced " nocturnes differ in

several points from normal nocturnes, in which the phase

has been induced by waning light. They are no longer

keenly sensitive to moderate changes of light intensity

;

v\rhen placed in the dark or in dim light, if any colour-change

at all occurs in them, it is of the nature of an emphasis of

the nocturnal colour. In fact, the only means by which a fairly

rapid recovery of these " light-induced nocturnes^' can be

effected is the very drastic method of illumination by the

light of a sub-stage condenser. For these reasons " light-

induced nocturnes " have a peculiar value in experimental

work, and we have used them extensively for determining

the effects of stimulation on colour-changes. It may be

urged that the expression '^light-induced nocturnes" is a

misnomer, or at least far-fetched. If the criticism is delayed

till after the section on periodicity has been perused we think

that it will prove unfounded. We describe the phenomenon
here in order to collect together in one section all the facts

we have discovered concerning the conditions under which

nocturnal colour is assumed ; we offer the explanation later,

since it is only in the light of other phenomena that these

can, we think, be interpreted.

Recovery from the Nocturnal Condition. — The
facts bearing on the recovery of natural and artificially in-

duced nocturnes require further discussion. Do nocturnes

always recover to the diurnal tint of the previous day ?

Have they the power, at the moment of recovery, to assimi-

late their colour with that of new weed if, meantime, they

have left weed of one colour and attached themselves to
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another of a different tint ? Does prolonged darkness pre-

vent their recovery ? To some of these queries we are in a

position to give fairly confident answei'S. The long records

of Flasks A and B (p. 658) furnish evidence on the first and

last of these questions.

Unfortunately, recovery can only be studied in specimens

in captivity, since it is impossible to mark down prawns

at large and find them again in the morning; but, speak-

ing generally, dark-coloured and boldly marked varieties

(lined and barred colour-forms) recover precisely to their

former tints ; and in cases where the colour is not the same

as that of the previous day the change is curiously enough

often in the direction of the tint of new weed placed with

the nocturnes the night before, even if the recovery takes

place in vessels completely screened from light.

Eeturning to the change of colour in the dark we will

quote a case in detail (Flasks A and B, July 22nd to August

4th, 1898, pp. 664—667). We may consider specimen d,

which exhibits changes from brown through green to red.

One of two small brown Hippolyte varians was placed at

5 p.m., July 29th, in the flask with much Delesseria san-

guinea (which was, however, greenish red and not full claret-

coloured). The flask was exposed to diffuse light. On
the morning of the 31st, up to which time the prawn had

exhibited no colour-change during the day, it was " semi-

transparent, brownish.^' The flask was covered with black

cloth in the evening of the 31st. At 10.80 the next morn-

ing (August 1st) the prawn was lig-ht brownish green.

The Delesseria sanguinea was now replaced by finely

branched red and brown weed, the prawn appearing to

choose the red. The flask was covered on the evening of

the 1st, and at 7.20 a.m. (2nd) Hippolyte was pale brown

with a reddish tinge. At 10.5 a.m. this tinge was scarcely

perceptible. The change toward redness, be it noted, took

place in the dark, and so cannot be considered as being due

to a sympathetic colour reaction. The cover replaced at

10.5 a.m. (2ud) was removed at 2.5 p.m., and the colour of
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the prawn seen to be unaltered. Once again the cover was

replaced till 4,30 p.m. (2nd)j when examination proved the

prav^n to be a nocturne of a delicate blue-green colour.

After ten minutes' exposure to diffuse light the nocturnal

colour gave place to a dull pinkish brown (tail reddish) . On
August Brd, 9.35 a.m.^ after having been covered from 4.40

p.m. of the previous day, the prawn was seen to be very

transparent, middle of body pale greyish red, tail brighter

red. Four minutes' exposure in a white dish sufficed to

diminish the redness ; exposure for oue hour considerably

reduced the transparency. No further change occurring, it

was put with fine plumose red weed (3.50 p.m., August 4th)

and exposed to diffuse light. At 10.30 p.m. it had passed

from " faint red transparent" to dull brown. On August

5tli it had become bright red, and on this day it fell a victim

to a larger prawn in the same flask, a fate which overtook

not a few of our experimental animals.

Another case may be given from our experiments. At

1 p.m., August 14th, 1898, four green and four brown

Hippolyte were taken and placed with some Zostera in

a current of water. At 4.50 p.m. six were greenish and

two brownish. They were at once covered and placed with

finely divided red weed. At 9.30 p.m., during momentary

examination, two nocturnes were observed. The next morn-

ing at 10.50 a.m. all (except one very transparent greenish

specimen) were brown with reddish tinge, while three were

markedly reddish. Replaced in the dark at 10.50 p.m. all were

nocturnes. The next morning two were nocturnal, two greenish

brown, one light brown, and one yellow-brown. Green weed

was now put in. They nocturned again at night, and the fol-

lowing day four were transparent and green, the rest brown.

With reference to the changes occurring during the course

of this experiment, the following remarks may be offered.

A prawn of a colour other than green which recovers to

green (in the dai-k), especially after being in captivity a day

or two, does so, not in reference to any weed, but because it

is being acted upon by two impulses, one to full recovery and
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tlie other to tlie retention of the nocturnal phase. Gi-een, in

fact, is, in this case, incomplete recovery. Red, on the other

hand, is a colour specially induced during the diurnal phase

by light of low intensity, and at the onset of the nocturnal

phase; while dark brown is nothing more than the extreme

expansion of red, in a prawn well provided with yellow and

blue. A change in the dark, therefore, from green to brown
or from pale brown to reddish brown (such as we have just

shown) indicates, in the evening, the oncoming nocturnal

hue
J

• in the morning or afternoon the recovery therefrom

to the diurnally pigmented condition. Changes of colour,

then, occur, and some of these changes, though they occur in

the dark, are of a more or less " sympathetic " nature, i. e.

changes which tend to effect a match between the creature

and the weed. The experiments, however, seem incon-

clusive ; and not these only, but many others which we made
with a view to settling this curious point.

We believe this inconclusiveness is not due to faulty

methods, for the experiment is of the simplest kind, but in

reality indicates the nature of the explanation. Colour-

changes occur in the dark, to and from the nocturnal hue.

Greenness is frequently the mean between the daily and

nightly extremes. Normally in the dark, then, it will be

possible to catch a brown prawn going over to, or passing

from, the nocturnal condition, either in a reddish phase, or in

a green phase, or as a transparent blue nocturne, or in a fully

recovered brown stage. Hence the fact that some brown

prawns kept in the dark with Zoster a appeared green is

capable of explanation. Change in the opposite sense may
also occur, a green prawn becoming brown in the dark, for

what we call a green prawn has no well-marked colour in-

dividuality ; it may have been and indeed often has been,

during exposure to light of low intensity, of a reddish-brown

colour. At the moment of examination, after dark exposure,

it may be found as a nocturne presenting a remarkable colour

contrast to the weed on which it hangs. ^ If the ebb of the

> PI. 33, figs. 10, 11.
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pigments is giving place to the flow, tlie animal may be seen

green, or, if the flow be at the fall, reddish brown or brown.

The prawns in the dark are shown, in the next section, to be

continually passing to and from the nocturnal condition, and

their colour at any moment depends on the point which the

colour pendulum has reached in its periodic swing. If there

is any colour phase more stable than another, it is that

which characterised the animal during its last light experi-

ence, and hence it is to that colour-form that the animal

most frequently reverts after a nocturnal bout.

Whether the nocturnal condition in any way favours

adaptive coloration, whether it be but a defect of the quality

of a nervous system highly strung to colour attunement, a

phenomenon of fatigue, or whether it be but a reminiscence

of a pelagic habit either of the species or of some period in

its own life history, we have no means of deciding. We have

contented ourselves with describing one of the most beautiful

and striking sights imaginable, a medley of colours swiftly

passing into one harmonious hue.

Conclusions on the Nocturnal Phase.—Contrary to

Pouchet, we find that night induces a very distinct phase in

the cycle of colour-changes of which Hippolyte varians

is the subject. The same striking contrast between diurnal

and nocturnal coloration is exhibited by species of Mysidge

and by Pandalus. Pouchet himself, while denying, as we
have seen, that darkness has any effect in altering the

" fonction chromatique " in Crustacea, cites a couple of

experiments, one with two young lobsters, one red and one

blue, and the other with some dark, freshly caught shrimps,

in which darkness produced in the red lobster a blue, in the

shrimps a white coloration (1876, p. 152).

The nocturnal phase is distinguished by the disappearance,

or rather retraction, of all save the peculiar blue pigment, and

is associated with great transparency of the tissues. In some

cases the blue colour of the network is suppressed, and an

almost colourless or greyish appearance results. The phase

commences as darkness sets in, attains its full development.
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and then passes away with the dawn. The time of the year,

the particalai' atmospheric conditions^ and the special nature

of the coast affect the time at which the full nocturnes

occur. Recovery is determined by the same factors. In

August and September we have noticed at Piel and at St.

Vaast that the change has usually taken place by 10 o'clock,

or in captivity by 11 p.m. ; while the resumption of the

diurnal colouring occurs at an early hour of the morning. In

winter (December) the times have been found to be 6 o'clock

at night and 7 in the morning, though on a clear early

morning in November (at dead low water) recovery may have

taken place by 5.30 to 6 a.m.

If this conclusion be, as we believe, correct and new, then

it follows that the full appreciation of the causes underlying

colour-change in any particular case, is not possible until a

large body of experimental work has been gathered together

on this and analogous groups of reactions.

The nocturnal condition, especially the antecedent greening,

may be induced artificially by exposing the prawns to

uniformly scattered light of low intensity.

It may also arise towards evening in "light-induced

nocturnes ; " that is, in prawns which are exposed in por-

celain dishes to powerful incandescent gas-light. Nocturnes

artificially produced show marked loss of irritability.

We have evidence that the nocturnal phase is a peculiar

state with respect to organs other than those of colour. The

muscular and connective tissues are much enhanced in trans-

parency, and the heart-beat is nearly twice as rapid (about

240 per minute) as it is during the day (150 per minute),

which facts point to a nervous condition very different from

that which obtains during the day. To establish these

changes in detail we require a much larger body of facts on

the normal nocturnal condition than we at present possess.

The distinctive blue colour is only one of a number of

changes affecting the whole body, and it may prove to be the

least significant character of " nocturnes.'^ We have some

evidence that during the nocturnal phase the metabolism of
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Hippolyte differs in an important manner from that which

obtains during the day. Indeed, we are prepared to say that

the nocturnal state opens up a new chapter in biological

investigation, and that by a study of this condition increased

knowledge of the succession of metabolic events may be

gained.

Section VI.

Periodicity of Colour-change.

Hippolyte of the most diverse hues become nocturnes

at evening. Daylight invests them once again with their

motley. Change of light-intensity ushers in either colour-

change. As light waxes the diurnal colour appears ; as it

wanes, the blue. Change of light-intensity is, we have shown,

an efficient stimulus to colour-change. No other factor of

their environment, as far as we have discovered, so profoundly

affects the colour-state. It might therefore be concluded

that the morning and evening changes are due, and solely

due, to increase or decrease of light-intensity. Kecovery

from the nocturnal state seems, however, at times to anticipate

the dawn, though this might be supposed to be due to the

exquisite sensibility of Hippolyte in the nocturnal phase.

But the colour-change occurs, though light-conditions are

constant ; in other words, the change is periodic. The idea

of periodicity is familiar to the botanist and physiologist

;

the former knows it to be a function of growth itself, and of

the ^^ sleep" and other movements of many sensitive plants;

the latter recognises it as characteristic of the metabolic pro-

cesses in higher animals. The only case among Invertebrates

in which periodicity has been claimed to manifest itself

—

though it cannot be said that it has been demonstrated—is

that of the ascent of small pelagic animals to the sea-surface

at night, and their descent to deep water during the day.

The argument in favour of the periodicity of this movement

lies in the behaviour of the Southern Plankton borne into

northern waters during the short arctic summer. It is stated

(Walther, 1893, p. 148) that, though the light-intensity re-
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mains relatively high during the nighty the vertical movements

of the Plankton still continue. By periodicity is meant that

rhythmic use breeds rhythmic habit ; that by recurrent

change of light or other stimulus the organism comes to

manifest the phenomenon of movement or other change, to

lapse again to its former condition, and to repeat this sequence

at resrular intervals althouofh the stimulus be withheld.

In the case of the colour- changes of Hippolyte, change

of light-intensity is the efficient stimulus. By this stimulus

the red and yellow pigments may be expanded. By the

stimulus resulting from a lowered light-intensity these may be

retracted and replaced by blue. If these changes are a func-

tion of the time, i. e. if they are truly periodic, they should

exhibit themselves when light-conditions are constant. This

they do. We will not stay to discuss whether a mental pic-

ture of the process can better be obtained by likening the

phenomenon of periodicity to "memory" (see Darwin and

Pertz., ' Annals of Botany,^ vi, p. 262), or to a persistent after-

effect of precedent stimuli, but proceed at once to give evi-

dence of the fact. This evidence is derived from experi-

ments on the effects of continued darkness and continued

light on the prawns.

Effect of Continued Darkness (Table IX).—In each

of four " air-circulators " three specimens of three similar

colour-forms were placed. They were fed with pieces of

other prawns. The eyes of the prawns in two of these flasks

(B and D) were amputated. Flasks A, B, and D were covered

(by double folds of close black cloth) ; C, a control, was

exposed to the light. The experiment lasted from Septem-

ber 3rd, 10.30 a.m., till September 7th. During each exa-

mination necessary for recording, the black cloths were

lifted for the shortest possible time—usually about fifteen

seconds. In the afternoon of September 8rd, the prawns in

the covered vessels showed distinct change in the direction

of transparency and greenness, one or two being nocturnal.

The prawns in C, the exposed vessel, showed no colour-

change. In the evening all in the control and in the covered



HTPPOLYTE VAEIANS. 637

vessels were nocturnal, thougli the depth of the nocturnal tint

vai'ied. Those in the former were all nocturnes of differino*

degrees, the latter were fully nocturnal. The next day,

September 4th, 12.30, soon after noon all the specimens had
recovered ; those in the covered flasks had completely regained

their diurnal tint, and even the amputated specimens had ac-

complished the change as fully as the rest. This had come about

while the interior of the covered flasks was absolutely dark.

In the evening (9.50, September 4th) the amputated speci-

mens were clearly behind the others in assuming the nocturnal

phase; indeed, the two specimens in Flask D as yet showed
no signs of its appearance, while the remainder were full

"nocturnes." On the next morning (September 5th) the

amputated prawns were brown or reddish brown, the normal

ones in the covered Flask A were transparent green, and the

control specimens in had assumed the tints they started

with on September 3rd. In the afternoon the only change
was an increase of transparency in Flasks D (covered),

C (control), and a slight greening effect in the latter, so tliat

the normal prawns in A had not fully recovered their diurnal

tints. At 7 o'clock (it being only dusk) C (control) was in

the transparent green stage; the remainder were all nocturnes,

some fuller than others. At this point the experiment was
directed from the effect of constant darkness to ascertain the

effect of short exposure to incandescent light. The most note-

worthy point was that the T^ecovery of the amputated speci-

mens was as complete as those of the normal controls, but

that result is beside our present object. The experiment

shows that although the Flasks A, B, and D are kept in

constant darkness, yet there is the same succession of

diurnal and nocturnal colour-phases as is characteristic

of the prawns under natural conditions. It also shows that

darkness has some effect in retarding the normal times at

which these phases recur, and in weakening them. Further

evidence of the periodic colour-change is seen in Table X
(constant dark experiment, August 26th to 28th, 1898), and
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is especially well shown by the brown specimens in " water-

circulator" B and those in Flask Aa (pp. 686, 687).

Other experiments with the same object show that the

longer continuous darkness is employed, the more it seems to

wear down the periodicity ; so that, after a few days, noc-

turnes may be found at almost any hour of the morning.

Moreover an extraordinarily irritable condition supervenes, in

which Hippolyte rapidly responds to alternations of light

and darkness. Thus (Table I, specimen A in Flask A) a

large specimen, which had been under observation since

July 29th, and in the dark most of the time, at 7.15 a.m.,

August 2nd, had recovered slightly to a vivid transparent

green, and after two and a half hours' exposure to diffuse

light, had become brown. It was now covered again, and at

2 o'clock was already almost fully nocturnal, and was then

exposed to light for half an hour, and once more regained

its brown colour though not fully. It was now put in the

dark, and at 4.15 was a good nocturne, but lost much of its

blue transparency during ten minutes' exposure to light.

Whether more prolonged, more complete exposure to dark-

ness would result in the formation of permanently nocturnal

Hippolyte we have not determined, but experiments lasting

twenty-four hours, eighteen, and thirty-six days, made by

Professors Brooks and Herrick, on Palsemonetes varians

(1895), showed that in all three cases when the dark chamber

was unsealed the prawns originally of a shade of light brown

or brownish green had become nearly white and looked

bleached. Unfortunately these authors give no information

as to whether recovery took place, their object being to test

the effect of darkness on the colour of the newly hatched

larvse, and on the pigment of the eyes of the young and of

the mother. They found that there was no appreciable dif-

ference between the colour or the optic pigment of these

larv99 and of others born under natural conditions, but that

in the eye of the parent prawn continued darkness had pro-

duced a remarkable migration of the pigment and distal

retinular cells outwards towa^rds the cornea.
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Effect of Constant Illumination (Table VIII, p. 683,

and Summaiy, p. 652).—A series of "water-circulator"

glass vessels covered with muslin were placed in porcelain

dishes against a background of white cardboard. The cur-

rent of water circulating through the vessels kept the

temperature low and fairly constant. The vessels were

illuminated by incandescent light, but a source of error was

admitted by our inability to screen the vessels from diffuse

daylight. An experiment was commenced on September 3rd

with six brown, yellowish-green, and red specimens. The

lamp was lit at 5 o'clock, and at 9 p.m. all six were nocturnes.

The next day at noon the prawns had recovered to an emerald

green colour, which was maintained till 6 o'clock, and at

9.50 p.m. had passed again into the nocturnal blue tint.

The next day (September 5th) at 11 a.m. the prawns were

green, but in two cases had recovered in the tail region to a

grey or greyish-brown colour. At 7.30 p.m. two were noc-

turnes, two were sick and moulting (a constant source of loss of

specimens), two were transparent green (Table VIII, p. 683).

In another experiment (made on August 26th and 27th) the

diurnal phase continued during the times of observation, but

the majority of observations on the effect of incandescent

light at night (as was pointed out in another connection on

p. 629) tend uniformly to the conclusion that it does not

inhibit the recurrence of the nocturnal phase, at any rate for

the first two nights; though here again we do not know the

effect of long-continued illumination which occurs in nature,

for example during the summer on arctic shores.

It might be urged, however, in regard to these experi-

ments, that the occurrence of nocturnes should not be con-

sidered as evidence of periodicity (which is our view), but as

indicating the power of response of Hippolyte to a very

small difference of light intensity. For, during the day, the

observation dishes are exposed to a certain amount of diffuse

light (reduced as far as possible by drawn blinds) in addition

to incandescent light, while, during the night, the latter is

alone operative. This objection may be met by an appeal to
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the previous experiments on the effect of continuous dark-

ness, where the only source of error is the brief exposure of

the animals to light during- the recording of their condition.

If the periodicity were more perfect, it would be possible to

eliminate this source of error by leaving the animals in con-

stant darkness for a long time, and then opening some flasks

at morning, others at midday, and so on. Unfortunately the

periodicity is far from perfect, the habit is but imperfectly

acquired. After prolonged dark-exposure the animals may

appear in the nocturnal phase at any hour of the day. Other

difficulties in the way of bringing this method to a successful

issue are the facts that the prawns eat one another with pro-

voking frequency, or die moulting only too often.

But we appeal also to another class of facts, against the

hypothetical criticism that the constant-light experiments

may only show that the prawns are extremely susceptible

to small changes of light-intensity. In the first place, we

have no evidence that when the light-intensity is already

high this susceptibility is a fact. In the second place, we

have the evidence of the 'Might-induced noctui-nes" already

described which we must now discuss. Prawns exposed to

a bright light—the incandescent—reflected from a porce-

lain surface pass rapidly into a green colour phase, and

toward evening they become brilliantly nocturnal. Toward

morning they revert to their green colour, which is the

"diurnal colour" of prawns subject to this high light-in-

tensity. Viewed in the light of what we now know of the

periodicity of colour-change, it no longer appears a paradox

that change towards darkness or to increased light-intensity

should result in the same nocturnal coloration. The habit

is the dominant factor in the change. Prawns tend to

"nocturne" toward evening, and the tendency is sufficient

to overcome the antagonistic direction which the light

stimulus would and often may induce. Just as a cup of

black coffee at evening may be inefficacious in disturbing the

periodic function of sleep in men, so, too, the stimulant light

may fail to dominate the nocturnal tendency in the prawn.
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Further^ as black coffee served out to a number of meu may
here aud tliere succeed in effecting wakefulness, so we find

that in a batch of prawns subject at evening to high light-

intensity some individuals maintain their diurnal colours and

habits, whereas others are proof against the excitant. Indeed,

in devising the experiment of coustant illumination we anti-

cipated that the prawns would, by reason of their periodicity,

resist the stimulus of light, and were delighted to find our

expectations realised.

It may be urged that in the colours of deep-sea Crustacea

we can observe the effects of long-continued darkness, and
that such forms exhibit no permanent nocturnes. Now, in

the first place, we are not prepared to assert that continued

darkness does induce permanent nocturnes. We know that

other organisms exhibiting periodicity pass, after a certain

exposure to constant-light conditions, into a state of rigor.

In this state of rigor induced by constant darkness, the

organism may assume a condition more like that which it

normally displays during the day. So it may possibly be with

Hippolyte. The colour-rigor, if such occur, may possibly

be more like the diurnal than the nocturnal colour-phase,

though the observations of Professors Brooks and Herrick,

already cited, onPalgemonetes varians tend to show that,

in the case of that animal, a condition akin to that of our

"nocturnes" is effected by prolonged darkness. In the

second place, although the brilliancy aud depth of tone

of the red coloration of the arctic and Norwegian deep-

sea species of tliis and allied genera, adds point to the

possibility which we have just indicated, yet we suggest that

before the colours of deep-sea forms can be appealed to,

these colours must be observed with more precautions than

have yet been taken. We have seen how the colour of a

full nocturne may give place almost instantaneously to the

diurnal condition; hence, before any statement can be made
as to their natural colour, the deep-sea Crustacea must be

protected from light and other disturbing influences on

their way to the surface. Even " shock,^' as we shall show
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may profouudly modify the colour ; aud tliougli we do not

presuDie to say how these difficulties can be overcome, we
would point out how small a value colour-records possess,

when made without these precautions.

Indeed, the existing records seem to show that colour-

changes may occur during the ascent of the trawl. Not a

few of the Crustacea figured by Milne-Edwards during the

" Talisman " expedition show the red in patches on a more

transparent ground. Another good case we quote from

Prof. Gr. 0. Sars. In describing the Crustacea of the Nor-

wegian Xorth-Atlantic expedition the author refers (p. 32)

toBythocaris leucopsis, a prawn allied to Hippolyte.

The colour is a '' magnificent rosy red, a trifle more intense

at the end of each segment of the posterior division of the

body. Extending across the middle of the carapace is ob-

served, moreover, a large irregular saddle-shaped area of

a dark bluish colour. Again, the " Albatross " brought up

a prawn, Benthesicymus Tanneri, from eight hundred

aud sixty fathoms, which showed a considerable amount of

blue colour ; and Professor Faxon, in reporting on the pecu-

liar spottiness of the colour, makes the suggestion " that the

unique coloration of the deep sea prawn may be due to a

change of colour undergone by the animal as it was brought

up into the full blaze of day" (loc. cit., p. 255).

Conclusions.—During the night, Hippolyte variaus

exhibits a condition markedly different from that shown

during the day. The most striking feature of the nightly

condition is the colour (nocturne) ; though other peculiari-

ties, such as the state of nervous irritability and the in-

creased I'ate of heart-beat, accompany the colour-change.^

The complete colour-cycle, from diurnal phase to nocturnal

aud back again, is completed in about twenty-four hours.

Experiments in which the animals are subject to constant

light, as well as those in which they are kept in constant

darkness, show that the change is periodic ; that is, it

' OUier changes ia tlie muscular system aud digestive-gland, accompany

tlie nocturnal phase.
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declares itself when the external stimulus—change of light-

intensity—is cut off. The '^dark-induced" nocturnes are very

susceptible to light-stimuli, the " light-induced " nocturnes

are on the contrary refractory to them. The periodicity is worn

down by constant light-conditions. Though we have evidence

that the final phase of long-continued exposure to constant

conditions of darkness is one nearer the nocturnal than the

diurnal state^, we are not prepared to state that this is the

case. Blinded prawns exhibit periodicity, though often

the phenomenon is complicated by the immediate effects of

the operation. The shock does not appear to wear off com-

pletely, since prawns, whose eyes have been rendered func-

tionless by section of both optic stalks, are longer in

performing the complete cycle of changes.

The possibility of permanent nocturnes and of " colour

rigor" must be borne in mind in investigations on the

colour of deep-sea Crustacea.

Periodicity, which we believe is a new fact in colour

physiology, may turn out to be a phenomenon of very wide

occurrence among animals with contractile " chromato-

phores."

Section VII.

The Control of the "Chromatophores : " the Parts
played by the Eye, Central Nervous System, and
by the Chromatophores themselves, in effecting

Colour-change.

The fact that Hippolyte varians is at any moment of

the day or night passing towards or away from the nocturnal

condition must be reckoned with in any attempt to explain

alteration of the chromatophoric condition. In discussing,

in the last two sections, the effects of external agents such as

differently coloured seaweeds and varying light-intensities we
pointed this out. We have now to keep it in mind whilst

endeavouring to trace the nature and the course of the

impulses which play upon the "chromatophores" themselves.

That the "chromatophores" respond independently of the
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central nervous system, and to that extent directly to light,

the pigments flowing into the branches from the centre, was

shown by cutting off appendages and making camera draw-

ings of a selected pigment spot. In one case the antennal

scale of a greenish prawn was cutoff, and a "chromatophore^'

carefully observed and drawn at short intervals. Twenty-

three minutes after the first drawing, the red and yellow

pigments had considerably expanded and penetrated into

the branches. In another case, PI. 36, fig. 36, a chromato-

phore was chosen from a prawn which was undoubtedly dead

after the first sketch was made ; the heart had ceased to beat

and the scaphognathite had stopped. Thirty-five minutes

afterwards, when the last sketch was made, the red and yellow

pigments were still actively spreading into the branches.

To make the crucial test of the direct power of response of a

" chromatophore " it should of course be completely severed

from all its nervous connections. This we have not yet done,

and consequently the results of the observations just quoted

cannot be regarded as definite proof of a direct response of

the chromatophoric pigments to changed light conditions.

We employed several methods in attempting to render the

eyes functionless without causing shock. First, we tried to

render the cornea opaque by means of a mixture containing

Indian ink, which when dry is insoluble in sea water, but the

difficulty in maintaining the respiratoi'y current whilst allow-

ing the cornea to dry, and the uncertainty that light is

totally cut off from the retina, made us abandon this method.

We succeeded better by painting the eyes either with a

solution of collodion in ether, or with silver nitrate, and the

results thus obtained were confirmed in animals blinded

either by snipping off the eyes near the base of the eye-

stalks, or by pinching the optic ganglia with fine forceps.

Different specimens of Hippolyte varians exhibit curi-

ously different degrees of shock under the operation. Noc-

turnes, for example, either remain motionless and strongly

bent, moving erratically if at all, or immediately find their

legs and exhibit little outward sign of discomfort. Ampu-
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tation of one eye produces little efllect. In the dim light or

towards evenings prawns thus treated often become beauti-

fully nocturnal, and recover quite symmetrically when
brought into light. Amputation of both eyes causes, in a

large proportion of cases, in brown specimens, a sudden

appearance of the green colour, and, if the specimens be then

put in the dark, a rapid transition to the nocturnal colour

(Table XI, p. 689, Specimen G). In speaking of periodicity

it was pointed out that amputated specimens nocturne and

recover, though somewhat irregularly, and we can now bring

additional evidence to confirm this. The preliminary green

effect which often followed all our methods appears due in

part to shock ; more largely, howevei", to suddenly cutting off

the light by way of the eyes (some, however, became reddish).

The most complete evidence of the behaviour of prawns
when amputated or " nitrated " in comparison with normal

control specimens is given in Table XI, pp. 688—691. Thus
G, originally a dark brown form (August 19th, 12.45 p.m.),

became greenish after removal of the eyes, and by 3.50 had

become nocturnal. It was then placed in a white porcelain

dish and exposed to daylight in the open till 7 p.m., aftei--

wards to the incandescent light. By 9.30 both G and E
(a specimen whose cornea had been treated with silver

nitrate) had become semi-nocturnal, while the normal control

specimen (F) was now a full nocturne ; that is, the speci-

mens whose eyes had been operated upon had become
nocturnal, and then in part recovered before the time of

nocturning of uninjured specimens. G recovered fully by
9.50, E in two minutes, and both were now put with F in

a muslined jar. At 10.40 p.m. G and E were again

nocturnalish, F nearly full nocturne.

Another example is C, which appears to show in addition

that amputated specimens respond more slowly to change of

light-intensity than do normal ones. The specimen operated

upon (C), and a control (I), were placed in a vessel beneath

a Landolt light-filter arranged to transmit red light. C
originally put into red light at 3.50, had, together with the
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control (I), become greenish or greenish blue at 7.10; but

when again examined at 9.5 p.m. the normal specimen was

(as is usual with uninjured Hip poly te) a full nocturne. (C)

was partially nocturnal, but recovered to brown after five

minutes' exposure to white light.

Both these experiments show that the difference in beha-

viour between amputated and normal specimens is due in part

to the effect of shock, in part to the loss of sight, and hence

that the direct action of these changed light conditions on

the chromatophores themselves is negligible. A series of

camei'a drawings of amputated nocturnes exposed to light,

PI. 35, figs. 29—32, exhibits the flow of red and yellow pig-

ments from the centre to the branches of the chromatophores.

So far we have dealt with the results of the elimination of

the eye's action during the diurnal phase. Amputation of the

eyes of a full nocturne at 9.15 p.m., August 5th, caused no

immediate colour-change, nor had any change occurred at

9.40 nor at 10.25 p.m.

Stimulation by Section of the Ventral Cord, by

Ether, Electricity, and Change of Temperature. The

nocturning and recovery of amputated specimens indicates

that the periodicity does not reside in the eye and optic

ganglia, but is a function of the rest of the nervous system.

The colour-effects produced by the response of this system to

various forms of stimulation have now to be considered.

A verv curious result is obtained by section of the nerve-

cord in the middle region of the abdomen just below the

" hump " or line of flexure of the tail. The behaviour of

nocturnes may first be mentioned.

The cord of a large full nocturne was cut just below the

" hump,^' and the prawn was then exposed to light in a white

porcelain dish. The tail region recovered first and almost

immediately after the operation. The head recovered some-

what later, while the middle part of the body retained its

nocturnal colour after half an hour's exposure to light. The

sudden shock may be pictured as setting up impulses

which, besides effecting violent contraction of the swimmerets,
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inhibit the normal tonic impulses which hold the red and

yellow pigments retracted. The tardiness of the middle

region of the body to recover is perhaps due to the structural

peculiarity of the nervous connections with the chromatophores

of that region, since, in the course of recovery of intact

animals from the nocturnal condition, the middle i-egion is

frequently bluish green when the head and tail are brown.

Eeturning to the effect of section of the cord in intact

Hippolyte, we record the result in a brown specimen which

was put in the dark after the operation. At 7 p.m. it was

examined and was found to exhibit a full nocturnal tint

behind the eyes, while the region of the tail, just in front of

and behind the line of section, had remained brown.

In this connection experiments made by immersing Hippo-
lyte in a mixture of ether and sea water, may be mentioned.

Intact and eye-amputated (brown) specimens react to this

mixture in a similar way. They exhibit no immediate colour-

change, but when taken out and placed in a current of sea

water a green effect frequently appears just behind the eyes

and extends back to the hinder end of the carapace, the

remainder of the body resting unchanged or becoming lighter

and more transparent. Intact specimens, in twenty minutes

or so, revert to their original colouring or remain somewhat

lighter. Amputated specimens exhibit the green effect more

conspicuously as a rule, but also recover in a short space of

time.

An even more mai'ked change of the same kind is obtained

by painting the eyes with collodion. Here the operation is

complicated, involving blindness and ether-poisoning. The
green effect took place all over the body (on brown speci-

mens), but subsequently passed away. A second coat re-

induced the change, from which, as well as from the ether-

experiments, it seems clear that tlie green effect is due to the

action of the ether on the central nervous system—possibly

(in the case of painting the eyes) on the optic ganglia.

The action of the interrupted electric current is somewhat
similar. Thus if a "light-induced nocturne" is exposed to
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a fairly strong current for thirty to sixty seconds^ no imme-

diate result follows, but if replaced in water (when it lies

motionless except for the beating of the swimmerets) it soon

loses its nocturnal colour and transparency, the tail becoming

brown in half an hour, and the head either brown or green,

while the middle region retains the nocturnal effect longest,

as in stimulation by high light-intensity. On green specimens,

thirty-seconds exposure to the interrupted current is fol-

lowed, after a lapse of half an hour, by a brown coloration.

In order to determine the mode of action of the current, a

green specimen was taken from a jar placed in the same

light-intensity as that in which the induction coil was stand-

ing. The body was cut across the middle. First the front

half was stimulated, examined after the lapse of ten minutes,

and fouud to have extruded some red pigment and recovered

brown. In a similar way the tail-half recovered. In other

cases the latter was stimulated first and recovered to brown

while the former remained unchanged. These results tend to

show that the interrupted current acts through the ventral

ganglia, or on the chromatophores directly, and not through

the cerebral centres.

Finally a simple but distinct effect follows a sudden ex-

posure to high or low temperature. In one experiment, of

three light-induced nocturnes, one was placed in water at the

temperature of the laboratory (60° F.), a second in water

cooled by a jacket of ice and salt to 8° C, and a third in

water standing at first at 93° F., but falling in five minutes

to 83° F. The experiment began at 9.20 p.m., August 6th,

aud in five minutes the first had recovered to o"reenish

brown; the second was unchanged; the third, though appa-

rently killed, was aud remained for hours, if anything a more

brilliant nocturne than before. After thirty-five minutes the

nocturne in cold water showed traces of recovery, which,

however, was not fully completed after an hour's interval.

Conclusions.—In addition to light, other forms of stimu-

lation—ether, or recovery from its effect, electricity, cold,

shock—may affect a change of colour in Hippolyte varians.
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While changes in the quality and intensity of light act no

doubt to a large extent through the eyes^ other of these

agents must have acted independently of these organs^ and

appear to influence the central nervous system directly, and
through it the chromatophores. We have, however, some
reason for believing that a redistribution of the pigments in

these bodies may take place independently of nervous

control. Apart from the periodically varying action of the

nervous system, it seems probable that any condition of the

chromatophores is largely maintained by impulses passing to

them from the nervous system. The impulses passing from
the optic ganglia to the " brain " cause repeated alteration of

those received from the ventral ganglia. When, for example,

by amputation of the eye the optic impulses are cut off,

profound changes occur often immediately ; changes which
result in a retraction of red pigment, and even in extrusion

of the blue. Recovery subvenes. The central nervous system

would appear to reassert itself and reassume its presiding

influence over the chromatophores.

Two considerations only remain: how can the phenomena
of periodicity and of the nocturnal phase be interpreted in

terms of utility ? and of what practical importance are they in

further studies of the colour-changes of Crustacea ? On the

first point we prefer to say nothing till we have learnt more
of the habits of Hippolyte varians and of its nearest

allies. We require to know, for example, whether periodicity

is acquired during a lifetime, or is transmitted as a quality

of the bodily structure of the larva; whether any of these

prawns are or were naturally pelagic during the whole
or part of the day ; whether, in the particular instance of

Hippolyte varians, the change from the free-swimming

larva to the quasi-sessile life of the adult is accompanied by
the appearance or modification of these phenomena. It is

conceivable that the " nocturne " is a nightly reversion to

the blue-green colour so characteristic of pelagic animals
;

that the whole purpose of the wonderfully elaborate chi'o-

matophoric system is to enable the prawn to respond to
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changing intensities of liglit; that the nocturnal phase of

colour (or colourlessness) is an extreme expression of the

contractility of this system—is a defect of its qualities; and

that the daily life of the prawns' colour-work is "rounded

with a sleep."

The other question, of the practical importance of pe-

riodicity, is one which admits of a more confident statement.

It is clear that this phenomenon has to be borne in mind in

the description of any colour at all, and especially of any

colour-change induced by stimulus ; and that since the

colour-condition of the animal is a function of the time of

day, that time of day must be taken into account before

conclusions can be drawn as to the real effect of the stimulus

in question.

(An abstract of this paper has appeared under the title

"The Colour-physiology of Hippolyte varians" in the

' Proceedings of the Eoyal Society,' January, 1900, vol. xlv.)
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Section VIIT.—Summary of Experimental Eecords.

Table.

II

III

IV

Name of

experiment.
Object of

experiment.

Weed colour

experiment 1.

Flask A

Weed colour

experiment 2.

Flask B

Weed colour

experiment 3

Weed colour

experiment 4

Light-

intensity

experiment 1

To test result

of placing

H i p p 1 y t e

of one colour

with weeds of

a different tint

Same as that

of Table I

To test result

of putting two
greenish-brown

Hippolyte
varians and

one S pi r onto-
caris pusiola

with green
Zostera

Two green
Hippolyte

placed \yith red
Delesseria
in the open
To test result

of placing

freshly caught
Hippolyte
under varying

light

intensities

Resalts.

No evidence that the colour of the weed
as such has any effect. Changes of

colour, referable in every case to a

daily cycle of colour-change, influenced

to some extent by the illumination.

Irritable condition on Aug. 2nd seen in

A, B, and C, followed by rapid changes
to and from the nocturnal state of

colour.

Same results. The changes to green and

to red noticeable in specimens A and d
respectively occur in the dark, and
therefore cannot be due to the colour oi

the weed, although in both cases tlu

change was in the direction of thi

colour of the weed.

The two Hippolyte exhibited rhyth-

mical nocturnal changes, and assumed
during the day a bright emerald-green

and greenish-yellow tint matching the

leaves and stalks of the Zostera.
These changes took place as well in

the dark as in the light (see July 30tli,

12.30 p.m., and Aug. 2nd, 10.10 a.m.)

and therefore cannot be attributed to

the colour of the weed. Spironto-
caris remained throughout of a trans-

parent bluish colour.

[n 3^ hours one became brown, and
showed expansion of red pigment on

being examined microscopically.

Begun 4.6 p.m. ; examined 7.30 p.m.

Dim scattered light produced by
covering a porcelain pot with muslin
is most favourable to the induction of
" nocturnes." A muslined glass jar

produces a green colour. Clear glass

jar standing exposed to full daylight

and black covered jar produce very

slight changes in the Hippolyte
placed within. [In some of our more
recent experiments (1899) nocturnes

were found in the black covered jar,

but muslined porcelain always is most
favourable.]
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Table.

VI

Name of

experiment.

Light-

intensity

experiment 2

VII

VIII

IX

XI

Coloured
light

experiment

Constant
iUumination
experiment

Constant
dark experi-

ment 1

Constant
dark

experiment 2

Experiment
with blinded

H i ]) p o 1 y t e

Object of

experiment.

To test effects of

different light-

intensities

compared witli

tliat of exposure

to red, green,

and blue light

on the diurnal

and nocturnal

conditions

Results.

To test effects

of green and
red light on

nocturnes

To test

periodicity of

colour-change

To test the

periodicity of

colour-change

in normal and
blinded

specimens
To test

periodicity

To test effect

of removal of

the eyes, and of

otherwise

blinding the

prawns, on
periodicity of

colour-change

1. Effect of red and blue light on
" diurnal " prawns is to produce " noc-

turnes." Green light had no effect

In the control-jars a more or less green
colour was produced, especially in the

porcelain ones. 2. Nocturnes pro-

duced and maintained though sub-

jected all night to red, green, and
blue light derived from incandescent
gas flame. They persisted till next
morning under these conditions
"Light-induced nocturnes" also ob
tained by allowing Hippolyte to-

wards evening to remain exposed to

light in porcelain dishes. Next morn-
ing, however, they had recovered.

This experiment also demonstrates
" periodicity," in that the habit of the
animal enables it to assume the noc-

turnal hue in spite of the continued
ilhimination.

As in the previous experiment, nocturnes
under bright red or green light persist

all night and next morning iu this

condition, only losing somewhat of

their transparency the following after-

noon. Contrast with control speci-

mens which recovered next morning.
Periodicity shown by the fact that all the
specimens became nocturnes the first

evening in spite of the constant illu

mination. Partial recovery ensued,
and this was followed by complete
nocturning in three cases. The same
occurred the following day.

Periodicity shown. The blinded ones
nocturne and recover more slowly than
the normal. Proof lies in comparison
with behaviour of a specimen (C) ex-

posed to natural alternation of night
and day.

Periodicity clearly shown, especially in

the small brown specimens in Flask B,

those in Flask Aa, and in the water-
circulator B.

Experiment shows that periodicity per-

sists though the eyes are rendered
opaque or removed. The nocturnal
colour is assumed and the recovery to

the diurnal tint effected as in normal
specimens, but more slowly.
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Appendix. Experimental Tables.

Idst of Abbreviations.

Colours.—Since each of the terms brown, blue, green, red, covers such a

wide range of colour, it is necessary to define more exactly what we mean by

them. By brown is meant the colour of the brown seaweeds (Pucus,

Halidrys, or Laminaria) ; by green, emerald green (of Zostera); by

red, a claret colour ; by blue, various shades of indigo. Yellow (when seen

by transmitted light) is a straw-colour, but by reflected light yellow is the

most brilliant Indian yellow. By this illumination " frosted effects " are

often recorded. By this term we mean a bright almost sparkling colour,

suggesting a reflecting substance. The yellow, whitish, and blue markings

(invariably quite on the surface of the skin) are of this kind. By transmitted

light such markings are dull and greyish.

Topographical Terms.—The body of Hippolyte varians has a hump in

the middle of its back or tail. As this point of flexure is often distinctively

coloured some term is necessary, and " hump " has the merit of being clear

and short. The two flat scissor-like blades of the antennae are spoken of as

the " antennal scales." As the body is frequently of one tint in the middle

region (usually from the stomach to the hump), and of another in front of

and behind this central portion, we speak of the "Mid," "Ant.," and

" Hind."

Ground Colour.—Apart from the obvious " chromatophores " the body fre-

quently appears to possess a ground colour possibly due to diffused pigment,

possibly to very fine chromatophoric branches.

Chromatophores.—The apparent form of these bodies alters as the pigments

flow outwards from the centre or retreat towards it. When the pigments are

maximally contracted they form irregular masses of one or more colour, and

the chromatophores may then be described as " contracted," though the term

applies rather to the pigment than to the chromatophore, the actual form of

which is probably unaltered. In this condition the pigments (by reflected light)

often show what look like "coloured vacuoles " (see supra, p. 626), the nature

of which is uncertain. As the pigments flow outwards the form of the chro-

matophore appears to change from an irregular to a " stellate," and then to a

" branched " one. The branches unite with those of neighbouring chromato-

phores, and so may form a network in which the " centres " are unrecog-

nisable.

Blue Spots.—These spots, described on pp. 610, 611, may be surrounded by a

clear " halo " or transparent envelope crossed by " radiations," some of which

(red or blue) are usually thicker than the rest.

Ant. The region of the body in front of the stomach.

VOL. 43, PAKT 4.—NEW SERIES. Z Z
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Ant. scales. Tlie blades or scales of tbe autenuse.

£. s. Blue spots.

Chrom. " Chromatopliores."

Covered. Means tliat the vessel in question is protected by black cloth from

the light.

D/ip. A current of water flowing through an experimental vessel.

Ground. Short for ground colour.

Rind. The posterior region of the body from the "hump" backwards.

Z. 3. 3. Leitz's system, 3 ocular and 3 objective.

^lid. The central region of the body from the stomach to the " hump."

Noct. Nocturne.

Ntwrk. Network produced by anastomosing branches of " chromatopliores."

B. By reflected light.

Recovery. Resumption of the diurnal colour after the nocturnal phase.

T. By transmitted light.

Transp. Transparent.

Uncovered. Means that the vessel in question is left exposed to diffuse

li-ht.
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Table I.

—

Weed

Piel^ July 29th, 1898^ Flask A, Air Circulator.—Hippolyte varians

behind Piel Castle. Weeds at first brown, then green.

July 29tli. July 30tli.

10 a.m. 9.30 p.m.

$ fasci-
gera, light

brown

B. ?, dark
brown with

white mid-
dorsal line

C. ? , dark
brown, almost

black, with
white dorsal

line

D. ? , light

olive-brown,

without white

line

E. Small, dark
blue

F. Small, blue-

green

Weed
Halidrys;
flask left

uncovered

Transi^arent

pale blue-green

(nocturne)

Transparent
light blue, aut.

and hind

brownish (semi-

nocturne)

Blackish

;

pleura of

abdomen trans-

parent blue

Light trans-

parent blue

;

brownish at end:

of body

Fairly

transparent

;

clear blue-black

Bluish

Covered with

black cloth

1.15 p.m.

Very
transpai'ent,

greenisli

;

head and tail

brownish

Light blue

dead

Dead;
bluish in mid.

Light olive-

brown

Dark blue

Greenish
brown

Uncovered

3 p.m. 10 p.m.

July 31st.

9.45 a.m.

Light clear

brown

Added at 5 p.m.

/3. ? dark
olive-brown j no

white stripe

y. ? light

olive-brown ; no
white stripe

Faint olive-

brown, not

bluish

Light
transparent

blue; brown
at ends of

body

Light
trausp:\rent

blue ; brown
at extremities

Light
transparent

blue; faint

brown at ends

of body

Faint olive-

brown

Greenish
blue;

extremities

brown

Clear dark
olive-brown

Dead;
opaque; li|

blue

:bt

Transparent Dark
dark blue purplish

brown; blue

at margins

Weed changed

;

green Entero-
morpha and
Ulva added

Light
greenish blue

j8 and y dis-

tinctly darken
after 2 iiiins.

exposure to

gas-light;

covered

Greenish
brown

Weed
changed

;

brown
Dictyota
and green
Ulva;

uncovered
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CoLOUE Experiment 1.

and the variety fascigera, taken from Halidrys in Bass Pool,

then green and brown, then brown, and lastly red.
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Table I.

—

Weed Colour

AufTUst 2ncl. August Srd.

3.3U p.m.

. Light
olive-

brown ;

no green,

slightly

trans-

parent

B. Dull

greenish

brown
in front;

hump faint

greenish;

behind
brown

C. Darker
reddish

mauve,
not blue

D. Bright
green

E. Covered
2.33

4.15 p.m.

Transparent
green-blue

(nocturne)

;

tail faint

brown

Nocturne

;

tail greenish

brown

Nocturne

;

tail faint

pinkish

Bright green

Exposed to

diffuse light

4.15—4.25

4.25 p.m.

Brown,
except for

trace of green

on hump and
2 patches

behind eyes

Brownish,
fairly trans-

parent ; dull

green in

mid.

Mauve-pink,
no blue

Bright green

Put in dark

4.30, at 4.45

exposed for

2 mins.

;

no change;
re-covered

4.47

6.25 p.m. 9.30 a.m. 3.5 p.m.

Unchantjed Brown

Unchanged Brown

Bluish

Bright
green

Bluish to

hump,
behind

reddish grey

Light green

Uncovered Uncovered
6.30 9.35; fresh

i

Dictyota
(brown weed)

added

H.

Bi'own,

fairly

trans-

parent

Brown

Full blue

(sick)

Light
green

Un-
covered

August 4th.

2.5 p.m.

Brown

Brown

Dead

Dull green

Left in white
porcelain dish

with scrap of

weed till

2.40
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Experiment 1. Flask A (continued).

661

August 4th.

2.40 p.m.

Dull brown j

behind hump,
and antennal

scales green

Olive-green

10.30 p.m.

Bright
transparent

green

Yellow-brown

Brownish,
freckled with

white

Brown weeds
taken out

and red

Odonthalia
put in

;

uncovered

Transparent

,

light bluish

green
J ant.

and hind

light brown

Same as A

August 5th.

2.30 p.m.

Transparent
greenish

Light
bluish green,

transparent

;

light brown
ant. and
hind

Grey,
transparent;

antennal
scales

freckled grej

Uncovered

Uniform dark
brown

2.32 p.m.

Greenish
tinge

Clear
" F u c u s

brown "

Dull green

Brown with
green mid.

Behind eyes

dull brown

Uncovered
and put in

porcelain dish

for 2 mins.

August 6th.

6.25 p.m

Light brown

August 7th.

10.30 a.m.
August 8th.

3 p.m.

Record
closed

Mid.
greenish ; ant.

and hind
brown

Bright
green

No record

No record

P examined
micro-

scopically;

uncovered

Record
closed

Greenish

yellow

To hump
dull brown,
behind hump
dull grey-

brown

Uncovered

Brown,
darker on

tail ; hump
greenish

Dead.

Record
closed

No change

Uncovered

Dead.
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Table 1 1.

—

Weed

Flask B, Air circulator

July 22n(l, 1.30 p.m..

not covered.

$ deep brown
with long white

stripe; had been on

Ulva ; under
circulation 3 days

$ deep brown
without stripe,

from same bottle

$ fascigera
greenish

d. $ green with

reddish stomach

4 small green,

from Foulaey

Scott said

had shown
transparency and
recovery effects

j

not covered

25th, 3 p.m. 26th, morn.

Drtrk brown white

stripe

Xo change

Browner

Delicate brown
tint of finer brown

weed

1 bright gi'cen,

2 green

Covered

Blnish above egg-

sac ; rest deep brown :

recovery

Recovered

Transparent parts

bluish

laght
transparent

greenish brown

Not to be found
eaten

!

Covered

27th, 10 a.m.

Dark brown, white

stripe, no blue

;

recovered

Recovered

Browner,
darker

Dead

Covered ; brown
weed replaced

by Ulva
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Colour Experiment 2.

with brown weed aud little sand.

28tli, 9.55 a.m.
I

28th, 2 p.m.

Bright
transparent blue,

except anteuual

scales and tail : not

greeny nocturne
effect persisting

Like a

Like « and h

Dark
brown

Dark
brown

Light
greenish brown

(no blue)

Covered ; Ulva
replaced bj
brown and

adhering red

weed

Covered

5.10 p.m. 10 p.m.

Transparent blue

except antenna!

scales and tail

which are brown;
long persistance

of nocturne

Light olive-

brown, no blue

Scales and tail

light brown

:

green and blue

in middle

Transparent bkie

even to antennal
scales

Uncovered

Dead;
light olive-

brown

Light trans-

parent greenish

bi'owu, not blue

Covered

29th, 9.15 a.m.

Green-brown
with white

stripe.

Light brown.

Covered.
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Table II.

—

Weed Colour

Flask B, Air circulator, Weed

July 39tli, 5 p.m.

$ greenish

brown, white
stripe

9.45 p.m. SOth, 1.30 p.m. 10 p.m. 31st, 9.30 a.m.

Bluish flanks and
pleura; greenish

rest, e.xcept brown
ant. and hind

Dark olive- ! Brown
;
pleura

brown,
|

not greenish

without stripe

?. Small, semi-

transparent,

faintly red hind
(added)

d. 2 small

brown
(added)

Reddish limbs ;

bluish about
carapace

2 greenish

Uncovered,
Delesseria

Covered

Bright green,

except ant. and
hind, brownish.

Transparent blue,

except ant. and
hind, brownish

Dark brown,
except limbs and

margins of

carapace blue

Unrecorded

Bright olive-

brown, not

transparent

Dark brown,
except pleura and

margins of

carapace blue i

Dark olive-

green

Transparent,
red lined

2 small,

brownish

Uncovered

1 semi-

transparent,

brownish

Uncovered

Eeddish lined

:

sick, pickled

Unaltered

Uncovered
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ExPEEiMENT 2 (continued).

Delesseria, old and greenish.

10.20 p.m. Aug. 1st, 10.30 a.m. 10 p.

m

Dark brownish
green, semi-

transparent

Dark greenish

brown, semi-

transparent, not

bluish

Added 2 under-

sized bright

green, with

eggs

Light brown,
semi-

transparent

Covered

Hind greenish

brown ; ant.

brown behind
eyes and pleura

;

nocturnal blue ;

rest of body
brown

Dead;
put in 70 per

cent, alcohol

No chano-e

Transparent,

light brownish
green

Uncovered ;

removed
Delesseria

;

added fine red
and brown

weed

Bluish green,

fairly trans-

parent ; dull

brown hind and
ant.

1 small bright

bluish green,

and trans-

parent; other

lost

Pale greyish

brown,
transparent

Covered

Aug. ?ud, 7.20 a.m. 10.5 a.m

Ti-anspareut

green ; ant.

and hind brown

Unchanged

;

sick

Pale brown
with reddish

tinge

Uncovered ?

Full brown-
white line.

Full

green.

Faint brown,
transparent,

with only

tinge of red.

Covered.
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Table II.

—

Weed Colour

Flask B, fine red

d.

/•

Au^. 2nd, 2.5 p.m.,

after dai'k.

? large bi'owii-

wliite stripe, full

brown

$ with eggs,

green, small

;

blue-greeu ou
tail ; dead

Small green

(added)

Medium-sized
brown, faintly

reddish

Put back in

dark, 2.10 p.m.,

Aug. 2nd

4.30 p.m.

Brilliant blue-green,

except ant. and below

hump brown

Transparent green,

middle bluish

Transparent, delicate

blue-green ; tail

behind hump blue

Exposed to diffuse

light, 4.35 to 4.45

p.m.

4.45 p.m.

Dull green-brown at

sides of white stripe
;

brown parts darker

No bluish tinge, very

transparent

Less transparent,

dull piixkish brown

;

tail reddish

Put back in dark
4.45 p.m.

G.SOp.m.

Head to bump
green -blue

;

behind hump and
ant. scales brown

Transparent,

especially in front

of hump

Trace of blue,

behind eye ; more
transparent ; loss

of red

Put back in dark

6.35 p.m.

Tank-room, Piel.

Aug. 2nd. — Dull, cloudy, occasional sun.

Aug. 3rd.—Cloudy all day, with lain.

Colours examined by pouring all contents
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Experiment 2 (continued),

and brown weed.

Head to hump brilliant trans- Diffuse light j after 3

parent blue; behind hump minutes' exposure

1 segment greenish, resi blue lost; now green

greenish browu ; antenual with dark blue spots,

scales brownish red ; wliitej with great disposition

mid-line ; eye-stalks blue- to take cover under
green ; eye black red weed

fransparent, specially in mid,

green

Very transparent ; behind

hump, ant. scales, and eye-

stalks reddish ; mid. pale

greyish red

No noticeable

change

In 4 minutes reddish

tinge lost ; ant.

scales only faintly

reddish

Exposed in white porcelain dish to difiuse light till

10.30 p.m.

Ant. scales brown;
behind that dull

green ; behind
hump browu

Unaltered

Brown-
white
stripe

Less

transparent

Added fi'om circu-

lator air dish with
Ulva, 2 small green

specimens (Ulva not
added)

; put back
in dark 10.35 p.m.

Green,
not very

bright

Transparent,

faint,

reddish

r Very
transparent

bright green.

L
Smaller,

bright green

;

put back in

dark.

into porcelain disli, using hand-mirror. Fresh water added after each examination.
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Table II.

—

Weed Coloue

Flask B^ fine red and brown weed (after dark). Started Aug. 4th,

Weed red, delicate

Aug. 4th, 3.10 p.m. 3.50p.m.

Showed uocturnal tint. Was at once decapitated
by cutting off the head close behind eyes. Ant. and
hind brown; mid. transparent blue-green. Hand-lens,
ground colour light bluish green; numerous brown
chromatophores ; large " blue spots " with clear space

round each ; smaller blue spots without clear spaces.

Reacts violently to touch of tail (and occasionally spon-

taneously) for more than 5 minutes. In 5 minutes
loses transparency. Belly first to darken. In 10
minutes brown chrom. on the belly (which is now quite

brown) form under hand-lens reticular patchwork,
with occasional blue spots. Reacted to stimulation

tail after fifteen minutes
Dorsal surface of mid. remains somewhat transparent

greenish

The head cut off : young Hippolyte anchored on it, and
apparently ate some of it

Rest as before
Weed changed ; new specimen added ; left in diffuse

light

c. As before

d. Transparent, faint reddish

? uniform dark brown-black
Chromat. not distinguishable

(hand-lens) ; no blue spots

9 dark brown white line; no
chromat. nor blue spots (with

lens)

^ /. As before,

left uncovered
Put back;
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Experiment 2 (continued).

3.50 p.m., with four specimens from Flask B., Aug. 3rd, at 3.10.

plumose after diffuse light.

10.30 p.m. Aug. 5th, 3 p.m. 6.30 p.m. Aug. 7th, 10.30 p.m. Aug. 8th,3p.m

2 small

transparent

nocturnes

;

2of c,e,/

d. Very
transparent,

dull brown,
not blue

Nocturnal light

blue, trans-

parent ; hind
and ant. light

brown

1 small

brownish

;

dead

Put back ;

uncovered

d. Bright
reddish

Dark brown-
black

Dark brown,
almost black

;

no chrom.

e. Transparent,

blue-green

;

examined
microscopically

/. Dull green

' Uncovered

(Bitten)

eaten

Dark
brown-black

Dark brown,
almost black

e. Bluish

green

Brownish
green

Uncovered

Unaltered

Dark brown,
white line very

clear

Dull green

Uncovered

Brown-bhtck

Dark brown
(2).

Dead;
casting skin.

Put 1 and 2 back
with green weed
and Hitlidrys

(see p. 655).
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Table III.—Weed

July 26th.—Two large ? Hippolyte varians and one ? Spironto-
latter claret-coloured mid.j and opaque speckled patcli on head;

July 28tli, 10.35 p.m.,
|

29tli,
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Colour Experiment 3.

caris pusiola trawled. The former were both greenish brown, the

left for two days in light and under strong current. Zostera.

Slst,

10.35 p.m.,

after light.

Light blue

green; not so

perfectly

blue to tips

of body as

last niglit

Liglit blue

;

transparent

except at

ends of body,

which are

brownish

Unaltered

Put in light

August 1st,

9.30 a.m., after

lislit.

1st,

10.30 p.m.,

after liglit.

Greenish yellow-

white stripe

distinct ; semi-

transparent

Clear greenish

yellow ; tail and
ant. scales

brownish, exact

colour of lower

part of Zostera;
semi-transparent

Unaltered

Pat in liffht

2nd,

7.45 a.m.,

after dark.

Very Trans-
transpareu I parent pale

light blue,

very slight

brownish
tinge on
ant. and
hind

Ditto

Unaltered

Putin
dark;

weeds,

Zostera
and

Entero-
morpha

green

;

behind
hump faint

brownish

Trans-

parent

green ; ant,

and hind
brown

Unaltered

;

still very

trans-

parent, and
only a

bluish tint

on tail

Put in

dark

Snd, 10.10 a.m.,

after dark.

2ud.
10.30 to 12,

ill open.

Slid,

7.15 p.m.,

after light.

Fairly trans-

parent bright

green

Fairly trans-

parent dull

green, except
behind hump
brownish

Unaltered

10.30.—Taken
into the open,

sunny ; added
Bryopsis;

temperature of

water 20-5° C.

;

small yellowish-

green Hippo-
lyte slipped in

with the weed

Green,
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Table IV.—Weed Colour Experiment 4.

August 8thj 1898.—Experiment made with a cylindrical

glass jar filled with Delesseria sanguinea and placed

on grass in the open. First half-hour bright, very dull

subsequently ; water circulation maintained during expe-

riment. Commenced 12.20 p.m.
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Table VI.

—

Light Intensity.

Aug. 22ndj 1898.—On comparative effects of exposure to red,

glass disli on black plate), and transparent jar containing

tank-room. Morning grey after occasional bright sun.

water frequently changed. Experiment
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Experiment 2.

green, blue lights, darkness. White (porcelain dish), black (a

sand, Hippoljte had been in drip from 18th uncovered in

Microscopical examination by daylight. E,. not possible;

lasted till 5 p.m. in open, then in laboratory.

2 p.m.

Light brown

;

trace of green
behind eyes

2 p.m.,

dark brown

2 p.m.,

dark brown

2 p.m.,

good nocturne;
recovered

immediately
during examina-
tion in porcelain

dish

2.30 p.m.,

very transparent

slightly greenisli

in mid. ; brown
ant. and hind

Put in blue
at 2.30 p.m.

3.30 p.m.

Brown with faint

trace of green

4.50 p.m.

Greenish
brown

Put in red at

2.30 p.m.

Put in red at

2.30 p.m.

Put in green at

2.30 p.m.

3.20 p.m.,

dark brown,
almost black

4.50 p.m.,

dark brown

3.20 p.m., 4.50 p.m.,

brown with tinge
[

nocturne in mid.

of green ant. and hind
brownish

3.20 p.m.,

light brown

Put in 3.20 p.m.,

porcelain disli very transparent,

at 2.30 p.m. light brown ;

tinge of green in

i
mid.

4.50 p.m.,

yellowish brown
with trace of

green

4.50 p.m.,

dull green;
ant. and hind

brown

7.5 p.m.

Bright green
mid.; brown
ant. and hind.

Nocturne.

Nocturne
(recovered

1 minute or so

during examina-
tion in porcelain

dish).

Nocturne.

No record.
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Noon, August 22nd.

Mid-sized, brown
T. Ground yellowish brown
No network
Chrom. fairly expanded, some! tZ~~- ', T^^i

'

£rreen in centres !

Put m glass dish on
black plate
12.30 p.m.

green in centres

Blue spots small, slightly ar

borescent; halos

Large, full brown
T. Ground yellowish brown
Network red
Chrom. well expanded, redj

many with green centres

Blue spots few, arborescent,

without halos

H. Similar to A
Blue spots

with halos

many, arborescent,'

White porcelain

photo, dish

12.30 p.m.

White porcelain

dish 12.30 p.m.

Large brown
T. Ground red

Red network with green patches

Blue spots few, 1 small behind
eye

Glass jar half filled

with grej -black
sand 12.30 p.m.

1.5 p.m.
(had jumped out),

srreenish brown

12.50 p.m.,

jood green. T. yellowish

green. Network blue.

Chrom. very retracted,

dark red, arborescent,

without halos

Greenish.
T. Ground yellowish

green. Network green.

Chrom. slightly

expanded, red ; slightly

arborescent ; clear

halos, giving off

seemingly blue reticulum

1.5 p.m.,

dark black-brown

Added I and E to red light (not with above, but using Griffiths's vessel), but at 7.5
Light incandescent. 7.5 p.m., Aug. 22ud.—Exposed A in blue, B and C in red,

two porcelain dishes, one with I, and E, other with F.

10.30 p.m., Aug. 22nd.
A. (in blue light, incandescent, mirror)

B, C. Red light

D. Green light

Porcelain ......F.

G, H.

I, E.

Black plate

Porcelain

Good nocturne
Good nocturne .....
Good nocturne .....

. Fair nocturne .....
J Slightly nocturne; transparent; brown

'

l_ with trace of blue

/ I. Brown, trace of blue
• 1 E- Pale blue . . . . • .
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2.30 p.m.,

brown

2 p.m.,

greenish
brown ; a few
minutes later

brown

2 p.m.,

greenish

Putin
porcelain dish

at 2.30 p.m.

Put on black
plate at

2.30 p.m.

Put on blade
plate at

2.30 p.m.

3.20 p.m.

BroAvn with
tinge of green in

mid.

Brown but
distinctly

greenish,

especially in

mid.

3.20 p.m.,

dark olive-

green

4.50 p.u].,

dull greenish

brown

4.50 p.m.,

dark brown

7.5 p.m.

Dark brown

Brown with
tinge of

green

Brown with
touch of

nocturne.

Good brown.

Good brown.

No record.

p.m. replaced them in porcelain dish.

D in greep light, the two latter well mirrored. Black plate standing near, and also

11.10 a.m., Aug. 23rd.

Nocturne.
Nocturne in mid.; ant. and hind brown.
Good nocturne.

Brown, dark.

Dark brown. Had been exposed rather to daylight than to incandescent.

Dead.
Very transparent, grey.

Microscopically : (E.)

T. Incandescent.

Ground colour none.
Network faint, blue-green.
Chrom. slightly expanded, yellowish red.

R. Ground dull grey.

Network invisible.

Chrom. branches redj centres greenish yellow.
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Table X.

—

Constant

Piel, Aug. 26t]i—28tli, 1898.—Constant dark experiment with

of examination

Flask B, air circulator, Aug. 26tbj 13 uoon.

Large browu Hippolyte

Mid-sized, transparent, browu

Small, brown

Flask A—
I Large, browu ^

Mid-sized, light brown |_
Eyes

Larger, light browu j amputated
ivu J2 small, light browi

Plasli A a

—

Large, dark, black-brown
Mid-sized „ „
Small

MO p.m.

Semi-nocturue

Slightly nocturnal ; trans-

parent, grey

Cut
veutrallv

Dull grey

Went slightly nocturnal

after operation and re

covered. At 7.10 p.m. all

dead.

Xocturne; brown hind

with view Nocturne
of section-

ing nerve-

cord

Xocturne
Transferred to flask A

All with suggestion of grey

Water ciroulator B—
12.40 p.m. Scraps ofDictyota weed

' Large, transparent, yellow-browu Unchanged

Mid-sized, brown

2 small, lightish brown

Water circulator A. No weed-
Mid-sized, light brown

Mid-sized, transparent green

Mid-sized, yellowish green

Unchanged

Unchanged

Light brown

Light brown

Greyish brown

Mid-sized, almost black, freckled with Unchanged

lighter spots

10 p.m.

Nocturne

Xocturne

Xocturne

Good nocturne

Good nocturne

One not seen

Very transparent;

almost colourless;

tinge of green

Unchanged

2 nocturnes

2 very transparent

and almost colourless;

1 of them slightly

greenish
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Daek Experiment 2.

air and water circulators. Contents exposed only during time

(^— ^ minute).

Aug. 27th, 10.45 a.m.

Nocturne

Nocturne

Transparent,

brownish

Large, opaque,
reddish brown, with

mauve tinge

Small, dark brown

Transparent, pale

brown

No further record

2 brown

2 green and
1 red-brown

1 dead.

3.45 p.m.

Good nocturne ; ant.

and hind brown

Nocturne

Brown

Almost black

Dark brown-black

Very transparent,

almost colourless

2 brown

2 light green
1 reddish brown

9.30 p.m.

Nocturne

Nocturne

Nocturne

Good nocturne

Good nocturne

Transparent; very
light yellowish

2 full nocturnes

2 nocturnes

1 light brown

Aug. 28tli, 12.10 p.m.

Mid. faint blue-green;

ant. and hind brown.

Brown.

Transparent,

greyish.

Dark brown.

Dark brown.

Light, transparent,

yellow.

2 reddish brown.

2 light green.

1 reddish brown.
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Table XI.

—

Experiment

August 19th, 20tli.—Effects of darkness, scattered, and red light

August 19tli.

12.30 p.m.

A. Black-brown
T. Ground pale yellow; net

work red and green; blue

spots fairly numerous, with
clear lialos

B. Similar to A.

Green streaky network
R. Yellow marginal chrom.; some

blue spots with dense red

mass round them

C. Dark olive-brown

T. Red and green patches
R. Chrom., red with green, and

some with yellow centres;

blue spots regular, some with
dense red halos

D. Dark brown
T. Ground reddish ; network red

and green ; blue spots numer-
ous, without halos

12.45.

E. Dark brown
R. Liglit brown ground; red and

green network ; few blue

spots without halos

F. (A control.) Same as E

Eyes amputated; no obvious
microscopical change; put
in drip in dark

Put in drip in dark

Examined microscopically,

no cliange ; eyes painted
with AgNOg; expansion
of light frosted green
branches concealing red
reticulum

Put in drip in dark

3.50 p.m.
Very sick

; put in dark (see

below).

Dark brown ; put in open
in white porcelain dish

(see below).

3 p.m.
Eyes painted wnth AgNOj;

T. Chrom. green cen-

tres and branches more
marked

;

red less

marked
; put in drip.

3.15 p.m.

Eyes amputated by squeez-

ing ; no change.

3.50 p.m.
Good nocturne; R. Fine

green network
; red

more contracted

;

blue

spots with
branches.

blue-green
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WITH Blinded Hippolyte.

on amputated, nitrated, and normal Hippolyte varians.

August 19th.

12.45 p.m.

G. Same as E

1 p.m., incandescent.

H. Dark black-brown
(Opaque to T.)

R. Ked and green network

;

small blue spots

1.10 p.m., incandescent.

Dai'k brown....
R. Red and green patches; blue

spots arborescent

9.5 p.m., incandescent.

After red light. Colour—blue

T. Delicate blue network ; chrom.

with black centres

R. Network blue ; chrom. dark

red, with blue-green vacu

oles; blue spots small, blue-

black, no arborescence

9.8 p.m., incandescent.

Blue-green
T. Network in part red; network

in part blue; chrom. dark

red ; microscopically exa-

mined
R. Yellow-green ground; net-

work red; chrom. as before,

but centres not so clear

Examined, no change

;

amputated eyes ;
green

more marked; left ii

drip in light; went full

nocturne.

Left in drip

Went lighter during exa-

mination
;
put in drip 3.40

3.35 p.m.

Examined by incandescent,

no change ; eyes nitrated

with AgNOs; slight but

distinct increase in green-

ness.

4.35 p.m.

Put in red light incandes-

cent and mirror. -
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Table XI—

August 19th, put in dark.
3.50 p.m.

A. Amputated .

H. Xitrated

F. Normal control

4 p.m.

Dead.
Slightly nocturnal.

In porcelain dish in open, 3.50 p.m. Colour at 3.50. 7 p.m., incandescent. 9.32 p.m.

G. Amputated

'E. Nitrated

P. Normal

Good nocturne Green behind eyes to Blue-green in

I

hump; rest brown mid. ; ant. and hind

I

brown
Dark brown-black Dark brown, last Semi-nocturne

;

2 segments blue recovery in 2 min.

( = network by
microscope)

Dark brown-black Dark brown Full nocturne

In red liglit.
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(continued)

,

10 p.m.

Dead.
Light brown (put in mvisliu jar)

August 20th, 11 a.m.

. Dark brown .

7 p.m.

Slight nocturne.

Fully
"I

recovered j

No record

Dull blue-

green J

Put in

muslin jai-

10.40.

Nocturne in "^

mid

Dull blue;

ant. bluish ^

green

Nearly full

nocturne

Put in

green light

August 30th,

10.50 a.m.

Nocturne at

sides and behind
eyes

Dead

Dark brown

10.55.

Recovered to

full brown.

Put in muslin.

No record.
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EXPLANATION OF PLATES 32—36,

Illustrating Messrs. F. W. Gamble and F. W. Keeble's paper

on "Hippolyte varians : a Study in Colour-cliange.'''

PLATE 32.

Plates 1 and 2 illustrate some of the more distinctive colour forms of

Hippolyte varians found at Piet, and show the close resemblance be-

tween the colour or coloration of the prawn and the tints of the seaweed

which it selects. The drawings (except figs. 32 and 13) were made by Miss

D. Richardson, from specimens placed with the weeds trawled at the same

time. After a number of trials it was found that certain colour varieties

selected particular weeds ; in other cases direct observation showed that green

prawns affect Zostera, brown ones Halidrys and Dictyota.

Fig. 1.—Two of these specimens show the full green tint assimilating these

prawns to the " leaves," and one shows the yellowish colour of the lower parts

of the stalks. This difference of tint, associated with a preference for the

upper or lower parts of the Zostera, was frequently observed by us.

Fig. 2.—A green-lined Hippolyte on a piece of green Griffithsia.

Fig. 3.—Two black-barred specimens on the alga Cladostephus spon-

giosus.

Fig. 4.—Two adult prawns on Laminaria.

Fig. 5.—A finely red-lined and barred specimen hiding away amongst

Gigartina. This is, however, by no means the only red weed affected by

this colour variety.

Fig. 6.—Brown Hippolyte on Halidrys siliquosa.

PLATE 33.

Fig. 7.—Young specimen of the "fascigera" variety found among

Bowerbankia growing on the stems of Halidrys.

Fig. 8.—Small " red-liners " sheltering among red Griffithsia.

Fig. 9.—Mid-sized brown specimens on Dictyota die hotom a.
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Fig. 10.—Two full " nocturnes," which had, during the day, been brown in

colour. X 2.

EiG. 11.—A nocturne showing on the antennal scales and abdomen a

trace of the expanded red and yellow pigment. (In the tables this condition

is registered as nocturne in " mid.," "ant.," and "hind," brown.) x 2.

JFiG. 12.—A black-barred specimen in the nocturnal condition, x 2.

Fig. 13.—The same in the diurnal colour phase, x 2.

PLATE 34.

All the figures in this plate are taken from " red-liners " (see text, pp.

606 to 608).

Fig. 14.—A "red-liner," showing the characteristic bars and stripes of

colour. The specimen was outlined with the camera, and the painting made

by transmitted light. Hence the (apparent) absence of yellow spots spoken

of in the text (p. 609). x 7.

Fig. 15.—A camera drawing of the chief arteries of the abdomen, taken

from a red-lined specimen in all respects comparable to Fig. 14, except that

the colour was very faint, and the increased transparency thus aided the

definition of the deeper vessels. This figure is to be compared with Fig. 14,

in order to show the close agreement between the course of the segmental

arteries going to the swimmerets, and the bars of red spots in Fig. 14. In

the specimen (Fig. 15) the bars of colour were placed exactly behind the seg-

mental artery, which often gave off a small branch to them. The heart was

beating about twice a second. No sign of an inferior abdominal artery could

be detected, though the passage of the blood from the arterial capillaries into

the sinuses was clearly seen. The sternal and thoracic arteries are omitted.

X 7.

Fig. 16.—Three abdominal segments from the tail of a red-liner to show

the aorta (Z). A.) ; the pigment attached to the wall of the intestine, and

moving during peristalsis {I. P. Z.) ; the pigment associated with the venous

intestinal sinus (which is dotted); the dense pigmented sheath (V.S.) round

the ventral cord, and the blood-vessel accompanying it. S. W. A swimmeret.

Fig. 17.—Eye of a red-liner, to show the deep chromatophores in connection

with the optic ganglia, and in the more superficial parts of the stalk. X 10.

Fig. 18.—Eye of a faint red-liner in which, owing to the small quantity of

pigment, one can see the ophthalmic artery and its branches, which later inter-

digitate with the processes of the large chromatophore between the first and

second optic ganglia. Only some of the venous spaces at the proximal end of

the stalk are indicated. There are other venous currents from the retina,

X 10.
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Fig. 19.—A "chromatophore" from a red-liner, to show the way in which

these colour elements frequently wrap their processes round the walls of an

artery. The blood-corpuscles are about equal in diameter to the calibre of

this capillary. In the chromatophore the two pigments (red and yellow) are

distinct, and a point of fusion with a neighbouring pigment spot is indicated.

The anastomosing tendency of the branches is here distinct. Leitz, oc. 3,

obj. 5. Camera lucida. September 20th, 1898. x 190.

Fig. 20.— Deep intermuscular chromatophores of a red-liner. Leitz, oc. 3,

obj. 6. Camera lucida. August 24th, 1898. x 250.

PLATE 35.

Fig. 21.—Right side of the carapace of a green specimen drawn with the

camera, to show the varying form and size of the "blue spots." Transmitted

light. Leitz, oc. 1, obj. 3. X 30. September 19tli, 1898.

Fig. 22.—A "blue spot" from a green Hippolyte varians, sending

out delicate branches which in close association wi4h the yellow of neighbour-

in"- chromatophores produce a total effect of green by reflected light. Each

of these chromatophores has possibly its own store of blue colour in addition

to the red and yellow seen in the figure ; but it is difficult to determine how

much of the blue constituent of the green effect is derived from the branches

of the large blue spot, and how much is proper to each chromatophore.

Transmitted light. Leitz, oc. 3, obj. 5. Camera lucida. See text, p. 190.

September 20th, 1898.

Fig. 23.—Muscle chromatophores from a small pink Hippolyte varians.

The colour of the specimen was almost entirely due to these deep chromato-

phores. The red pigment (black in the figure) is arranged in tubes which

run parallel to the course of the fibres, and give off branches which pass

outwards and bifurcate. The colour of most small Hippolyte is deter-

mined by the amount and arrangement of the pigments in these muscle

chromatophores. In larger, less transparent forms the superficial network of

colour conceals the great store of pigments which exist in the underlying

muscle. Leitz, oc. 3, obj. 5. St. Vaast. August, 1899.

Fig. 24.—A portion of the carapace of a full brown Hippolyte. The

network is chiefly red with some yellow strands, and here and there green

patches. It is difficult to distinguish " chromatophores." Leitz, oc. 1, obj. 3.

Camera lucida. September 16th, 1898.

Fig. 25.—Blue spots and the indefinite irregular reticulum of a pink

Hippolyte. The blue spots have distinct clear envelopes traversed by

yellowish radiations, and by three stouter red i)rocesses which arise from the

larger blue spot and mingle with the general reticulum. Leitz, oc. 3, obj.

5. August 5th, 1898.
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Figs. 26—28.—Three " chromatophores " from different levels of the same

part of the body of a specimen of Hippolyte varians. Fig. 26 is a sub-

epidermal pigment cell with red, yellow, and blue pigments. Focussing down

•013 mm. (as determined by the distance through which the milled head of

the fine adjustment is turned), Fig. 27 is reached, which shows the appear-

ance of " chromatophores " lying between muscle-fibres. Focussing "066 mm.

deeper, Fig. 28, a deeply placed pigmented element, comes into view. Leitz,

oc. 4, obj. 3.

Figs. 29—32.—A series of sketches of the same "chromatophores" at

intervals of about ten minutes. They are taken from a specimen of the

" fascigera" variety of H. varians, the eyes of which were amputated on

August 22nd, 1898. The specimen was left in a current of water (in the

dark) till 11.20 a.m., August 23rd. It was then freckled, sandy-coloured, trans-

parent, not at all nocturnal. Fig. 29 was drawn at 11.25, Fig. 30 at 11.30,

Fig. 31 at 11.45. Fig. 32 is an enlarged view of one of the " chromatophores "

iit 11.55. A had two dark red spots (black in the figure), the remainder

being clear yellowish green. B was bright I'ed. The figures show that for

the first ten minutes after exposure to light the '* chromatophores " (even after

extirpation of the eyes) began to expand. At 11.35 the specimen was put

back in porcelain dish and covered with black cloth. At 11.45 a certain

retraction of the yellow and red pigments in A and B respectively had

occurred. At 11.55 the specimen was dead. Figs. 29, 30, and 31 are drawn

with Leitz, oc. 4, obj. 3 ; Fig. 32, oc. 4, obj. 5. All camera drawings.

PLATE 36.

Fig. 33.—D, four drawings of the same " chromatophore ; " A at 6.2 p.m.,

B at 6.4i, C at 6.8i and D at 8.13 p.m. They are taken from a

nocturne at first rapidly recovering, owing to the stimulus of the trans-

mitted light. Owing to slight movements of the animal there are slight

discrepancies between the figures, but great care has been taken to represent

the same " chromatophore " in each drawing. The red and yellow pigments in

A are strongly retracted, while the enveloping blue merges into a delicate

blue reticulum. As recovery proceeds the yellow pigment comes out, followed

by the red, while as the blue retracts from the reticulum it forms irregular

masses at the sides of the " chromatophore." The pigment is very granular, or,

what is probably a more correct statement, there are bodies of peculiar optical

properties bathed in a homogeneous yellow pigment. When this pigment is

beginning to expand these bodies are carried outwards, and at first have very

little pigment with them. Tliey then appear dark by transmitted light, but
bright yellowish by reflected light. Leitz, oc. 4, obj. 5. Camera lucida.

December 21st, 1898.

Fig. 34.—" Chromatophore " of a nocturne, to show retracted red and yellow

and expanded blue pigments. Zeiss, oc. 4, obj. D. Camera lucida.
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Fig. 35.—A, B, C, a " chromatophore" from a full nocturne ; A at 6.44 p.m.,

B at 6.485, C at 6.56. At 7.10 there was no further obvious change. In

this case the expansion of the red and retraction of the blue took place slowly

and only to a limited extent. Such is often the case with nocturnes in

December, though cases of rapid recovery are not rare. December 18th,

1898. Camera lucida.

Fig. 36.—A—F exhibit a series of changes in the same "chromatophore,"

though the prawn under examination was undoubtedly dead after B was drawn

as far as could be ascertained by the stoppage of the heart and gill-current.

The pigments were red and yellow. August 25th, 1898. Leitz, oc. 4, obj. 5.

camera lucida.

Fig. 37.—A—C, camera drawings of a " chromatophore " at intervals of five

to ten minutes. The specimen was an Hippolyte of a transparent greyish

colour when its eyes were amputated at 3.25 p.m., August 25th. Up to 6.10,

when sketch A was made, the prawn was kept in the dark. When brought

out it was a nearly full nocturne, though greenish blue in tint. While being

drawn it recovered (owing to the expansion of its " chromatophores ") to a

transparent brown tint, and was undoubtedly alive at 6.40 when the sketches

were finished. This shows that amputated Hippolyte nocturne and recover

just as normal specimens do. Pigments red and yellow. Leitz, oc. 4, obj. 5.

Fig. 38.—A—C, camera drawings of the same " chromatophore " from a

transparent brown-barred "fascigera" variety of H. varians ; A at 2.16

p.m., August 23rd, 1S98, B at 2.18, C at 2.20. These show rapid expansion

of pigment into hitherto colourless processes. Leitz, oc. 4, obj. 5.
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On the Nephridia of the Polychseta.^

Part III.—The Phyllodocidse, Syllidse, AmpMnomidse, etc., with

Summary and Conclusions.

by

Edwin S. Ooodi'icli, M.A.,

Aldrichian Demonstrator of Comparative Anatomy, Oxford.

With Plates 37—42.

Phyllodocid^.

At the end of Part II of this work I announced the dis-

covery in the Phyllodocidge of closed nephridia provided with

solenocytes, and, indeed, it so happens that in this family

are found some of the most beautiful examples of this type of

excretory organ.

The Phyllodocidse are divided into two sub-families, the

Alciopinse and the Phyllodocinse. Of the Alciopinae I have

been able to study fresh and preserved specimens of Al-

ciope cantrainii, D. Ch., A. Krohnii, Gruff, Asterope
Candida, D. Ch., Vanadis formosa, Clp., at the Zoolo-

gical Station at Naples.

Amongst the Phyllodocinse I have examined more espe-

cially fresh and preserved examples of Phyllodoce Pa-

retti, Blainv., Ph. laminosa, Sav., Eulalia punctifera,

Gr., Eteone lactea, Clp., from Plymouth, and a spirit

specimen of Eteone siphonodonta, D. Ch., from Naples.

I Part I appeared in vol. xl (1897), and Part II in vol. xli (1898) of this

Journal. Por the contents of Parts I, II, and III see the table at the end of

this paper.
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Already Heriug, Claparede, and Greeff have described in

considerable detail the excretory and genital organs of the

Alciopinee, and Gravier those of the Phyllodociuae ; but since

these authors failed to recognise the essential structure of

the true uephridium, and its distinctness from the genital

funnel with which it becomes connected at maturity, it will

be more convenient to delay the consideration of their writ-

ings until after I have dealt with my own observations.

Alciopinae.

The Nephridium.—On examining with the microscope a

living specimen of Vanadis formosa compressed under a

cover-glass, the nephridium can be seen in every trunk seg-

ment, after the first two or three, as a long slender tube

running ventrally along the side of the body, between every

consecutive pair of parapodia (fig. 1). Each nephridium

opens ventrally, and just in front of the base of a para-

podium. The external opening leads into a slightly dilated

chamber, which is continued into the nephridial duct extend-

ing forwards, and ending blindly in the posterior region of

the next segment ; for the very incomplete septum here

allows the elegantly curved nephridium to project beyond it.

Bunches of solenocytes are set at irregular intervals along

the nephridial canal, chiefly on the outer edge of the curved

surface (fig. 1).

The nephridium of Alciope cantrainii is very similar to

that of Vanadis ; but the canal branches anteriorly, and the

solenocytes are fewer in number, and grouped near the ex-

tremities of the blind branches (fig. 3). The bladder-like

dilatation near the external pore is more marked (fig. 5).

In Aster ope Candida the nephridium is more like that

of Vanadis that that of Alciope.

The detailed structure of the solenocytes in the Alciopinae

and their relation to the nephridial tube are of considerable

interest. The tubes themselves are of remarkable length,

especially in Alciope (fig. 3), nari'ow, of almost even dia-

meter throughout, and slightly oval in section. They pierce
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the wall of the ncphridial canal, projecting into its lumen for

a certain distance (figs. 2, d, and 9). At their distal ends

they spring from rounded masses which look so like cells,

in the fresh, that I was at first deceived into the opinion that

they consisted of a row of large cells, each connected with

from four to six tubes (figs. 3 and 9). On further examina-

tion of stained preparations and sections, these rounded, long,

slightly granular masses proved to be made up of a large

number of small nuclei agglomerated together, and each be-

longing to its own tube (fig. 2). Cell outlines there are

none, and of cell substance scarcely a trace. A long flagel-

lum works rnpidly down each tube, passing into the lumen

of the nephridial canal.

Characteristic of the nephridia of the Alciopinae is the

presence of long powerful cilia situated on the outer or

coelouiic surface of the organ in the regions where the

solenocytes are inserted. In Alciope, and perhaps to a less

extent in the other two genera, the tubes of the solenocytes

are regularly disposed in short transverse rows of from three

to six (fig. 4), and the outer cilia appear to work rapidly

backwards and forwards between these rows of tubes (figs.

3 and 9), thus renewing the coelomic fluid which bathes their

outer surfaces.^

Another detail worthy of notice is that in Asterope
Candida, and perhaps also in Alciope (figs. 9 and 2), the

bases of the tubes of the solenocytes are connected together

by a thin web for some distance.

A large number of irregular vacuoles and globules, no

doubt of excretory nature, are generally found in the wall of

the nephi'idial canal (fig. 9).

There is no internal opening whatever.

The Genital Funnel.— In the quite anterior segments

' Wlicn these nephridia are kept undisturbed for any length of time under

the cover-glass, the cilia soon cease to work ; but on the introduction of a

small drop of fresli sea water under the cover, both the outer cilia and the

flagella inside the tubes begin to work again with renewed vigour. The ces-

sation of movement is probably due to the want of oxygen.

VOL. 43, PART 4. NEW SERIES. C C C
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no other organ is related to the nephridium ; but passing

backwards we find in immature specimens deep pouches of

the septa open in front, and ending blindly behind, a right

and a left pouch in every segment. These are the incom-

pletely developed genital funnels.

In Vanadis formosa the funnel is almost tubular in

shape, its inner wall is formed of thick columnar epithelium,

with short cilia not fully developed (fig. 1). The lip of the

opening is continuous all round with the coelomic epithelium,

into which it gradually passes.

When the worm reaches sexual maturity (as in the Alciope

represented in figs. 8 and 51) the funnels become enlarged

and thin-walled, the lip round the mouth specially differen-

tiated, thickened, and strongly ciliated, whilst the posterior

end fuses with and finally opens into the nephridial duct

about halfway down its course, at a point marked by a bend

in the immature condition (fig. 1).

Such large saccular genital funnels are developed in con-

nection with each right and left nephridium in both sexes

throughout the greater length of the body in all the Al-

ciopids I have examined. The shape of the funnel vai'ies

slightly in the three genera studied, being elongated in

Yanadis, somewhat pear-shaped in Alciope (fig. 8), and more

rounded in Asterope.

In a young specimen of Alciope Krohnii I was able to

follow the development of the genital funnel in the anterior

segments. In the eleventh segment (fig. 6) it was still re-

presented by a mere concave patch of thickened ciliated

coelomic epithelium on the anterior surface of the septum,

quite near the nephridium. Passing backwards, this rudi-

ment was seen to increase in size, and become more concave

in succeeding segments. In segment seventeen (fig. 7) it

had already acquired the essential structure of the adult

organ, excepting, of course, the opening into the nephi'idium,

which is only formed when the genital products are ripe

enough to be allowed to pass to the exterior. Fig. 8 repre-

sents a longitudinal section through a ripe male Alciope
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cantrainii, in whicli the communication between tlie two

organs has taken place, and the ripe spermatozoa are seen to

have passed down into the nephridial canal.

As already mentioned above, several observers have de-

scribed the excretory organs of the Alciopids. Hering long

ago (18) gave a brief description of these structures, which

he has since corrected and enlarged in a paper published in

1892, to which I shall presently refer (19). Claparede, in

the supplement to his classical work on the 'Annelids of

Naples' (2), confirmed most of Hering's early observations,

and gave detailed descriptions and figures of the nephridia

and genital funnels in Alciope cantrainii and Asterope
Candida.

Concerning the former he says, p. 106 :

" Les organes segmentaires ont une forme tres remarquable.

La premiere paire est placee an second segment setigere, et,

jusqu'au 16'^^^ leur conformation reste identique. Ce sent de

longs boyaux cilies dont I'ouverture extreme est placee a la

base des pieds du cote ventral. Le boyau se dirige d'abord

en dedans, perpendiculairement a I'axe, puis il forme un

angle droit, et finit par s'elargir en un petit entonnoir qui

s'engage dans le dissepiment separant la cavite du segment

de celle du segment precedent. L'entonnoir s'ouvre done

dans la cavite du segment precedent. . . . Mais a partir du

IG'"® segment setigere Fappareil se complique, chez le male,

d'une grosse vesicule piriforme, dont le court pedoncule

tubulaire s'insere sur le boyau de I'organe segmentaire. . . .

Au temps de la maturite cette vesicule est remplie de zoo-

spermes, et joue par consequent le role de vesicule senii-

nale."

Claparede's account is, therefore, nearly correct. He saw

the nephridium, alone in the anterior segments, associated

with the genital funnels in the segments behind the sixteenth.

He failed to find the internal opening of the genital funnel

(vesicule seminale), but saw its posterior communication with

the nephridial canal. He missed, however, the true anterior

extremity of the nephridium, with its solenocytes, and, misled
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perhaps by the notion that a nephridium must necessarily

open into the body-cavity, he erroneously described an open

nephrostome. How near Claparede was to discovering the

solenocytes will be seen by the following- quotation concern-

ing Asterope Candida (p. 114) :

" L'ouverture interne de I'organe segmentaire se presente,

comme d'ordinaire, sous la forme d'un entonnoir engage dans

le dissepiment. . . . L'entonnoir se continue dans le boyau

cilie qui forme une anse en boucle, de forme tres-constante

;

puis le boyau se dirige en arriere . . . presque jusqu'a la

limite du segment suivant. La il se recourbe sur lui-meme

en s'elargissant considerablement . . . il debouche dans un

vaste reservoir cilie, a parol fort epaisse, qui se dirige en

avant, en s'attenuant par degres pour venir s'ouvrir a la base

du pied. Ce reservoir est la vesicule seminale de M. Hering.

. . . La particulai'ite la plus remarquable de cet appareil

consiste dans I'existence de touffes de longs polls raides in-

serees sur la surface externe du boyau. Ces touffes se pre-

sentent surtout a la surface de I'anse en forme de boucle,

mais on peut les suivre au dela, jusque vers le milieu de la

longueur du boyau. M. Krohn, qui se trouvait a Naples en

meme temps que moi, examine, a ma requete, I'Asterope

Candida au point de vue de ces singulieres touffes de polls,

et en confirme entierement I'existence. On pourrait songer

a des faisceaux de brides fort tenues, destinees a maintenir

I'organe en position, mais I'extremite des polls m'a toujours

parue parfaitement libre."

Both Krohn and Claparede, then, actually saw and figured

the tubes of the solenocytes, believing them to be merely fine

processes (touffes de polls). As shown above, Claparede

eri"oneously described and figured the genital funnel of

Asterope as opening forwards directly to the exterior.

Hering in his latest paper (19) gives a veiy similar de-

scription of the nephridium of Alciope. His figures are

more correct than Claparede's; but he fell into the same

errors, believing the nephridium to open in front into the

body-cavity, and the solenocyte tubes to be merel}^ stiff hair-
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alike processes. The genital funnel he looked upon as

diverticulum of the nephridial canal, probably blind in

front.i

Curiously enough, like Claparede, he states that the

genital funnel occurs only in the male. This may be due to

the fact that it is more difficult to see in the female, where it

is not crammed with refringent spermatozoa.

Greeff is the third author who has dealt with these organs.

In his general work (14) he gives a very brief and incom-

plete account of their structure, but I'eturns to the subject

in 1885 (15). Describing Rhy nchonerella fulgens,

Greeff says, p. 451 :
" Bei den geschlechtsreifen Mannchen

finden sich in 10, 11, 12, und 13 Segmente je ein Paar

wurmformig gewundener mit Spermatozoiden erfiillten

Schlauche (figs. 27 /, 28 c, 30 a, 33 a). Ihr worderes und

inneres Ende hat eine, wie es scheint, sehr feine Oft'nung, die

ich nur undeutlich geschen babe und vermittels welcher die

Spermatozoiden aus der Leibeshohle aufgenommen werden."

Greeif seems, therefore, to have actually seen the internal

opening of the genital funnel of which Hering only suspected

the presence.

' Describing Alciope Edwardsii, Kroliu = cantrainii, Clap., Hering

writes as follows (19, p. 726) :
—" Das infundibulum jenes Organ (the ne-

phridiuni) liegt iu der Nalie des Winkeis zwisclieu Ruder und Pignienthiigel

nalie der Bauchwand ; es hat bei beiden Geschlechtern einen wulstigen, an

den Kaiidern stark licbtbrechenden gewundeneu Saum. An letzteren bemerkt

man relative lange, strahleniormig angeordnete, sclieinbar steife Haichen,

welche man fiir stark entwickelte Flimmerhaare halteu wiirde, wenn sie

beweglich waren. . . . Die mit Sameu gefiillte Sameublase sicht man

alierdings leiclit sowohl mit ihiem abgeruudeteu, sclieinbar blind endeudeu

vordertheile, als mit dem spitz auslaufeuden hiuteren Ende uuter dem Pig-

nienthiigel hervorragen (Pig. 3, Taf. ii, 5) ; ebenso lasst sich relativ leicht

der Canal, in den sie ausmiindet, besonders weun er mit Samen gefiillt ist,

bis bis zur nachst hintereii iluderinsertion verfolgen, wo er, wie gesagt,

einwarts von derselbeu auf einer kleineu Erhebung der Haut sich nach aussen

offnet" (p. 727). And he adds concerning Alciope vittata = Asterope

Candida, Clap. (p. 751) : "Ob die Samenblase in der Nahe des Infuiidibulums

ein blindes (vorderes) Ende hat, oder hier mit Leibeshohle communicirt, und

ob die etwaige OfFuung mit dern Infundibulum iu Beziehung steht, weiss ich

hier ebensowenig zu sagen wie bei Ale. Edwardsii (s. d.)."
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It is evident from tlie above quotations that although^

through the labours of Hering, Claparede, Krohn^ and

Greeff, the anatomical relations of the genital funnels in the

mature male Alciopids was known, the real structure of the

nephridium and its morphological relation to the genital

funnel were not understood.

Phyllodocinse.

The Nephridium.—Like their allies the Alciopinas, the

Phyllodociuse have a closed nephridium^ the inner blind end

of which bears a large number of solenocytes. In all the

genera I have examined, Phyllodoce, Eulalia, Eteone, Ptero-

cirrus, the inner extremity of the nephridium is more or less

branched, the solenocytes being distributed on the branches

in each case in a highly characteristic manner.

In Phyllodoce paretti, for instance, they form fan-like

bunches at the tips of the branches only (fig. 14). The

tubes are here almost as long as in Alciope, the cell-body and

its contained nucleus being perched on the distal end of

each. This little rounded cell-mass gives off no processes,

and contains a few highly refringent globules. There are

no external cilia on the coelomic surface of the organ.

In most Phyllodocin^, however, the solenocytes are ar-

ranged not only at the tips, but also along the whole length

of the terminal branches, as in Nephthys (11). These

branches may be fused at their bases, forming a broad

grooved plate-like organ, somewhat resembling the nephri-

dium of Glycera (12).

In the large worm Eteone siphonodonta, the nephri-

dium of which is just visible to the naked eye, there are an

immense number of solenocytes closely ranged in rows along

the grooves and lobes on the upper surface. As in Phyl-

lodoce paretti, the cell-body and nucleus is supported at

the distal free end of the somewhat conical tube (figs. 10

uud 11). The nephridial canal gives off several main

I)ranches, which divide again into secondary branches, as in

the Glyceridae.
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In Eulalia viridis, Grif fithsii, and punctifera, and

in Eteone lactea the general structure is similar; but tlie

nepliridia are much smaller, and the number of solenocytes

much less.

Curiously enough Phyllodoce laminosa, amongst the

forms I have studied^ is provided with solenocytes resem-

bling rather those of Grlycera unicornis than of its nearer

allies. In this Phyllodocid the cell-body of the solenocyte

is oval, fixed by its base to the surface of the nephridium,

and connected by an elongated '^ neck " with the top of its

flagellated tube (fig. 13). These cells are placed in rows

facing each other, and at the tip of each branch two of them

seem to be joined together by their cell-bodies, as is generally

the case in Glycera unicornis (12, fig. 9).

Numerous long cilia arise from the ccxilomic surface of the

nephridium, between the rows of solenocytes, and by means

of their rapid movements serve to renew the fluid in the

neighbourhood of the tubes (fig. 13).

The Genital Funnel.—In the Phyllodocinse the genital

funnel has much the same relation to the nephridium as in

the Alciopinee. Sections of immature specimens of Eulalia

show it as a bell-shaped organ, open in front, closed behind,

and formed of a deep layer of ciliated epithelium (figs. 27

and 17). It is so closely connected with the nephridium

that, during a part of its course, the latter is actually em-

bedded in the wall of the funnel (fig. 16), recalling the state

of things described in Nephthys (11), where the nephridial

canal runs through the wall of the '' ciliated organ " (genital

funnel). Beyond the funnel the nephridial canal continues

alone to the uephridiopore (fig. 15). A longitudinal section

through these organs, in a well-developed but not mature

male Eulalia (fig. 28), shows that the posterior end of the

genital funnel becomes closely applied to the nephridial

canal, and that although at this point the walls of the two

are somewhat thinned out and flattened together, yet they

remain distinct and complete, allowing no passage from the

coelom into the nephridial lumen.
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In similar sections of a mature male Eteone (figs, 18 and

29) it is seen that an opening has been formed at the point

of fusion; but the limit of the two different tissues is still

quite plainly discernible. A passage has thus been formed

for the first time from the coelom into the nephridial canal,

allowing the ripe spermatozoa to pass out to the exterior.

The history of the development of the genital funnel is the

same in both sexes, and in all the genera of the Phyllo-

docinge I have examined. Some variation occurs with regard

to the shape of the fully-formed organ, which appears to be

larger and more folded in Eulalia, for instance, than in Eteone

(figs. 23 and 18).

Genital funnels are developed throughout the trunk region,

but dwindle, and finally disappear in the anterior segments,

where nephridia alone are present (from about the twentieth).

There appear to be a few segments in the adult, quite near

the head, where the nephridia themselves have disappeared

;

as, indeed, is generally the case in Polychsetes.

Gravier, in his careful account of the anatomy of the Phyl-

lodocin^e (13), figured and described their nephridia as simple

wide-mouthed organs, opening from the coelom to the exterior

and serving as genital ducts. Finding my own results differ

so widely from those of M. Gravier, I examined the prepara-

tions he had worked at,^ and found that, in fact, he had

missed the inner end of the nephridinm, which is very diffi-

cult to recognise in fully mature specimens, where the ccelom

is filled with genital products and the genital funnel becomes

so much enlarged and so closely fused with the nephridial

duct. As I had surmised, the large-funnelled "nephridia"

described by Gravier are the compound organs formed by

the grafting of the genital funnel on the true nephridium

(figs. 23 and 24).

Syllid^.

My observations on this family of Polychsetes, extending

1 I am much indebted to M. Gravier for very kindly lending me his sec-

tions.
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over various genera and species (Haplosyllis spongicola,

Gr., Autolytus, Myriauida^ Trypanosyllis^ Pionosyllis, Syllis,

etc.), were made on fresh and preserved material chiefly

obtained at Naples and Plymouth.

Since much has already been written on the nephridia of

these worms by Ehlers (6), Saint Joseph (23), Claparede (2),

Malaquin (21), and others, it will only be necessary to dwell

in detail on certain points which seem to me not to have been

thoroughly elucidated.

In the immature Syllids the nephridium consists of a

slender tube opening externally on the ventral surface, and

internally into the coclom of the next segment in front by

means of a simple nephrostome. It is generally stated that,

at the time of sexual maturity, the nephridium becomes much
enlarged, and serves as a genital duct. Ehlers, in his im-

portant work on the Polychgeta (6), says that " diese Organe

(segmental organsj sind in zustande der Ruhe ausserst feine,

innen wimpernde Rohren mit einer unter der Basis der Fiiss-

hocker gelegenen ausseren, und einer in Mitte des Segmentes

miiudenden inuerer Oifnung. Zur Brunstzeit entwickeln sich

die Oi'gane zu sackartigen Behalten, welche durch aufnahme

der Geschlechtsproducte durch die innere Oft'nung bis zur

ganzlichen Anfiilluug des Segmentalraumes ausgedehnt

werden. Die Eutleerung der Eier und des Samens erfolgt

durch die aussere Offnung des Segmentalorganes "
(p. 215).

Malaquin, in his 'Monograph of the Syllids' (21), goes a

little further into detail :
—" La nephridie reduite pendant une

grande partie de la vie du Syllidien a un canal etroit, simple-

ment courbe en arc et a trajet horizontal presente, a Fap-

proche de la maturite sexuelle, c'est a dire au moment oii les

produits des glandes genitales commencent a remplir la

cavite geuerale, un accroissement secondaire qui se manifeste

tout d'abord par une dilatation du canal nephridien
;
puis par

une croissance longitudinale ce qui necessite un reploiement

de la nephridie sur elle-meme. . . . L'entonnoir vibratile lui-

meme s'elai-git de fa9on a laisser peuetrer facilement les

spermatozoides "
(p. 280).
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Now I shall endeavour to show that the remarkable changes

undergone by the excretory organs at the time of maturity in

the fertile segments of those Syllids which do not form buds,

and in the segments of the reproductive buds, when they

occur, described by these and other authors, are really due

not so much to the mere enlargement of the true nephridium

as to the addition at its anterior end of a new growth, the

genital funnel.

In the immature condition the nephridia of all the Syllids

I have examined are of essentially the same structure,

differing only in certain unimportant details. In fig. 34

is represented the anterior end of the nephridium of Try-

panosyllis sp. The lumen of the canal is surrounded by

a wall of granular protoplasm containing many excretory

granules and vacuoles. Cilia are present here and there in

groups attached to the inner surface. In front of the septum

the canal projects, and ends by a small funnel, the lower lip

of which alone protrudes far into the coelom, and bears a

flame-like bunch of cilia. Two nuclei can be detected, even

in the living worm, in the lower lip of the nephrostome. The

upper lip is not provided with cilia (fig. 34). It is formed of

a mass of closely-packed cells continuous with the coelomic

epithelium of the septum. These are well seen in a section

through the nephrostome of an anterior nephridium of

Haplosyllis spongicola (fig. 37). In this species, how-

ever, small cilia appear to be present in this region also

(fig-. 39). The lower lip of the nephrostome, as is well

shown in the latter figure, projects quite freely as a flattened

process.

In Syllis vivipara (fig. 36) the lumen of the nephridial

canal is surrounded by vacuoles, some of which at all events

open into it. Minute globules are also scattered about the

substance of the wall. These globules of varying size, and

the large vacuoles, appear to be formed by the accumulation

of fluid excretory products absorbed by the nephridial cells,

and passing into the lumen of the canal, whence they are

driven to the exterior by the cilia placed on its internal wall.
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At the level of the septum the excretory products cease to

appear, the tube becomes narrower, and then enlarges again

as it passes into the funnel. The nephrostome is here also

provided with a long lower lip, to which is attached a bunch

of long powerful cilia. There is shown a short upper lip

without cilia; but this may possibly be only the edge of the

lower lip seen in optical section, since I was unable to find it

in sections (fig. 85). It will be seen, then, that at this stage

the funnel of the nephridium has all the appearance of being

a true nephrostome—the open extremity of the nephridial

tube, continuous with it, and of the same substance. It

bears a strong resemblance to the nephrostomes of the

smaller Oligochgetes, such as Bnchytraeus (9).

If we now examine the structure of the excretory organ in

a fertile and genitally mature segment of a Syllid, we shall

find a very different state of things (figs. 20 and 38).

Sections of the mature organ show that the lumen of the

canal is somewhat enlarged, and often much distended with

genital products, but that its walls are otherwise little

changed in appearance, whilst in front of the septum, in

place of the little nephrostome, a large ciliated funnel has

become developed. The lip runs high up on the anterior

face of the septum, then curves round to meet below in a

projecting shorter lower lip. The funnel forms a large

trumpet-like opening to the nephridium, and its walls extend,

as those of genital funnels generally do, partly on to the

septum, and partly on to the body-wall (figs. 21 and 38).

The histological structure of this richly ciliated newly deve-

loped funnel is quite different from that of the true ne-

phridium—resembling, in fact, that of the genital funnels

described in the Phyllodocida) above ; and it is sharply marked
off from the nephridium at the point where the nephrostome

was previously situated (fig. 30). The nephrostome can no

longer be distinguished. The little mass of cells described

above (fig. 37) as situated over the projecting lower lip of

the nephrostome, must be regarded as the rudiment of the

genital funnel, strictly comparable to the rudiments shown
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on the septa in the quite immature Goniada (12, Part II,

PI. 35, fig. 33), or in the Phyllodocids. In these worms, as

in Syllids, the rudiments of the genital funnels in some of

the anterior segments amount to merely a few cells gathered

together just above the point where the nephridium is at-

tached to the septum.

No further development is undergone by the rudiment of

the genital funnel (in the non-reproductive segments) in such

forms as Haplosyllis, where ripe genital products are only

stored in the posterior reproductive buds; but in a mature

Pionosyllis, for instance, every stage is found, on passing from

before backwards, between a nephridial funnel to which the

coelomic epithelium appears to have contributed but little, and

the more posterior perfectly developed genital funnels which

have entirely superseded the nephrostomes (figs. 21 and 35).

Am p h i n om i d £6.^

This account of the excretory organs of the Amphinomidae

is based chiefly on an examination of sections of Euphrosyne
foliosa, Aud. and Ed., from the coast of Normandy, and

Eurythoe sp., from Ceylon.

Ehlers (6), describing the nephridia of Euphrosyne
racemosa, says :

" Die Segmentalorgaue finden sich fast in

alien Korperringen,. deun ich sah sie ohne Unterbrechung bis

im zwanzigsteu Segmente. Sie liegen dort paarweise in

jedem zunachst unter der Riickenoberflache, mit ihrer ausseren

Miindung am medianen Rande des Kiemeubesatzes. Jedes

dieser Organe ist eine langgestreckte zweischenklige Rohre,

die vom Aufhangepunct an der ausseren Miindung sich unter

der Riickenwand nach hinten wendet und wohl zwei oder

drei Segmente durchzieht. . . Weder an den Miindungennoch

im Lichten der Rohre habe ich Flimmerung gesehen "
(p. 78).

I must confess that I am quite unable to confirm this

author's extraordinary account, aud am driven to the conclu-

' Since I hope some day to be able to publish a description of the anatomy

of a large Amphinomid I obtained in Ceylon, the structure of the excretory

organs in this family will be only very briefly dealt with in this paper.
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sion that, owing perhaps to the scarcity of the material at his

disposal, he has been entirely misled by appearances. Prof.

Mcintosh, whose account resembles somewhat Ehlers' de-

scription, does not seem to have been more fortunate.

The nephridia of the Amphinomidas, as, indeed, we should

expect from the general appearance and structure of these

worms, resemble in all essential respects those of the Poly-

noinae and their allies. They are, in fact, of the ordinary

large-funnelled type, formed most probably by the fusion of

the genital funnel with the nephridial duct.

In Euphrosyne the nephridia are paired organs, each

opening ventrally by a minute pore, just on the hinder edge

of the groove between the bases of two adjacent parapodia, at

a point marked * in fig. 40. The nephridial canal is some-

what large, slightly coiled, dii-ected from the pore upwards
through the body-wall, then forwards to the region of the

septum, where a largo number of muscles intersect the ccelom.

Coiling round some oblique muscles, it narrows, then opens

into a large trumpet-shaped funnel. The only peculiarity

about the nephridium of Euphrosyne is that this large funnel

opeus backwards into the same segment that holds the

nephridial canal to which it belongs. Since the same thing

occurs in Eurythoe, it may be concluded that this position of

the funnel is characteristic of the family. Such a back-

wardly directed opening of the genital funnel is not entirely

unprecedented amongst the Polycha^ta, since it has been

described by Claparede in Eunice schizobranchia.

There is in the Amphinomids that marked histological

diiference between the structure of the walls of the nephridial

canal and of the large ca3lomic funnel which we have found

in other cases. Here also, no doubt, the compound organ

fulfils the functions both of a kidney and of a genital duct.

Further Observations on the Hesionidte.

In Part I (11) I gave a description of the nephridium and
genital funnel (ciliated organ) of Tyrrhena and Hesione
(Pallacia). The structure of these organs in some other
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genera of the Hesionidae has proved to be of such remark-

able interest with regard to the connection gradually estab-

lished between the nephridium and the genital funnel, to the

substitution of the latter for the real nephrostome, and to the

formation of a compound organ—giving us a series of steps

bridging over the wide gap which separates the structure of

such a form as Nereis on the one hand, and the Syllids on the

other,—that I deemed it advisable to return to the considera-

tion of this family.

The two species I shall describe are Ophiodrom us flexuo-

sus D. Ch., from Naples, and Irmala t ifrons, Gr., for which I

am indebted to my friend Dr. Willey, who brought a number

of these worms back from New Guinea.

It will be remembered that in Hesione the nephridium

possesses its own nephrostome, which, however, is united with

the lai'ge genital funnel at one point (11, fig. 2). In Ophio-

dromus the genital funnel is much smaller (figs. 22, 25, and

26), at least in the specimens I have examined, which are not

quite genitally mature ; but it is more intimately connected

with the nephridium, so completely surrounding the internal

opening of this organ that the nephrostome can scarcely be

said to exist as such any more (figs. 25 and 26).

Series of sections through young and mature specimens of

Irma show that the genital funnel becomes increasingly large

as age advances, until in quite ripe individuals it is very

extensive indeed, spreading over the large blood-vessels and

the inner side of the body-wall near the base of the parapo-

dium (figs. 19 and 50). The nephridium fuses with it, and

the compound organ so formed serves as a genital duct. In

the specimen figured, a ripe male, spermatozoa can be seen in

the nephridial canal on their way to the exterior.

The minute structure of the genital funnel in Irma, with

its numerous ridges on the ciliated surface, is exactly like that

of its homologue in Nereis and Hesione, which I called the
"^ ciliated organ" (fig. 19).

We have, then, in these^ genera Ophiodromus and Ii'ma (to

which may also be added Kefersteinia) organs, acting both as



THE NEPHRIDIA OF THE POLYCH^TA. 715

kidneys and as genital ducts^ obviously formed by the

grafting of a large funnel on to the inner extremity
of an originally complete nephridium.

FuRTHEE Observations on the NEPHXHYiDJi;.

On examining some sections cut through aNephthysceeca,
Fabr., which had previously been injected with some Indian

ink, I found that the amoebocytes of the ccelomic fluid,

charged with insoluble black particles, were accumulated at

the base of each genital funnel (ciliated organ), and were for

the most part enclosed in a sac formed by a double layer of

flat ccelomic epithelium (fig. 33). Into this sac enters the

ciliated organ, forming its posterior lining. The internal

end of the nephridium with its solenocytes lies quite near,

and rather above it; the nephridial canal passes just behind.

The sac is, no doubt, homologous with the " nephridial

sac ^' of the Glyceridse (12, p. 446), but it is a much less

differentiated organ, being merely a sort of pocket in which

the loose cells are accumulated by the action of the cilia of

the genital funnel, which thus brings together waste products

within easy reach of the nephridium.^

Polygordiidee.

Adult specimens of Polygordius neapolitanus and P.

appendiculatus were studied at Naples and here in Oxford.

The only living larvEe I have been able to examine were

obtained by me at Trincomalee last summer, and belong to an

unknown species.

' Since these observations were made, Mr. Stewart has published a paper

on the nephridium of Nephthys cseca (24), in which he describes the

accumulation of loaded phagocytes at the base of the genital fuunel. He
does not, however, appear to have seen the sac, which was, perhaps, not

present in his specimen ; and he believes the phagocytes to pass into the

lumen of the nephridial canal.

In this paper Mr. Stewart corrects the representation I gave of the vascular

supply of the nephridium in a diagram (11, fig. 8). The blood-vessel marked

d. I. V. should come off further from the nephridium, and the blood-vessel

marked v. I. v. nearer the ciliated organ—as shown in my figure 7 (11).
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The Adult Nephridium.—Already Hatschek (16) and

Fraipont (7) have given a detailed account of the nephridium

of Polyg'ordius. In most respects I can only confirm their

description, but, with regard to the structure of the nephro-

stome itself, my observations do not quite agree wi,th those of

Fraipont. He describes the nephridial canal as ending in

front in a funnel having a flattened brim of considerable

width, derived from the coelomic epithelium. In fact, in a

previous paper (10) I interpreted his description as favour-

ing the view that the excretory organ of Polygordius is, as in

so many Polychgetes, of double origin.

I have been, however, quite unable to find any trace of

such a peritoneal funnel in living or preserved specimens of

P. neapolitanus, although many of those I examined had

nearly ripe genital products in the coelom.^ The nephridium

in this worm runs forwards just below the region where the

oblique muscles join the body-wall (fig. 47), and ends in front

of the next septum in a small nephrostome. Its short

anterior lip projects into the coelom, and is scarcely, if at all,

ciliated. The longer posterior lip, on the contrary, bears a

powerful bunch of long cilia (fig. 46). The nephridium of

P. appendiculatus appeared to be quite similar.

The Larval Nephridium.—In his very important work

on the development of worms, Hatschek described the so-

called head-kidney of Polygordius as a branched organ,

opening internally by small funnels provided with peculiar

stiff processes joined together by a web. Subsequently

Fraipont (7) showed that the branches are blind, that a large

nucleus is situated at the apex of each, and that the stiff

processes are hollow tubes.

I had long suspected that these structures were really of the

nature of solenocytes. It was not, however, till this summer

that I was able to confirm this surmise. On examining some

living larvJB at Trincomalee, the general structure of the organ

was found to be very much as described by Hatschek and

' The luiiieii of the uepliridial caual is exceedingly small, being not only

narrower than the nucleus of the ovum, but even than its nucleolus!
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Fraipoutj but the hollow tubes have each a fiagellum working
inside towards the nephridial lumen, and a long and slender
" neck " of protoplasm reaches to the distal end of the tube,

where it is slightly enlarged, and gives off fine irregular

processes, obviously comparable to those in the nephridium

of Nephthys (11). With the instruments at my disposal in

Ceylon I was unfortunately unable to make out for certain

the exact relative position of the tubes, the protoplasmic
" necks," and the delicate web. Nor have I been able to

settle this difficult point with the help of sections. In fig. 48

these structures are drawn as I believe they really occur, but

this figure must be considered as to some extent provisional.

It will be seen at once that if this interpretation be correct

the nephridium of the larva of Polygordius differs in one

respect very remarkably from the similar closed nephridia of

Nephthys, Grlycera, or Phyllodoce. Whilst in these there is

always one nucleus to each tube (forming one solenocyte), in

the larval kidney there are several tubes surrounding one

central nucleus.^ As to the presence of this one large nucleus

at the tip of each branch, my observations only confirm those

of Fraipont and Meyer.

Notwithstanding this difference, the structures at the
inner extremities of the *^ head-kidney" of Polygor-
dius appear to be quite justly comparable to and
homologous with the solenocytes of Polychgetes.

And the recognition of this fact is of considerable importance.

Hatschek has shown (and Meyer confirms his observation)

that the second nephridium in the developing Polygordius

has the same internal end, with solenocyte-like structures.

That this second nephridium is strictly homologous with the

third nephridium of the succeeding segment there can be no

* Professor Edward Meyer has very kindly written to me on this subject,

enclosing several figures of the " head-kidney " of Polygordius, some of which

are, 1 believe, not yet publisiied. Meyer confirms what is correct in the

descriptions of Hatschek and Fraipont, and has moreover discovered the

fiagellum which works down the tube. But this tube he believes to be merely

a canal in the process of the cell, a prolongation of the nephridial lumen. He
therefore does not distinguish between a "tube " and a " neck."

VOL. 43, PART 4. NEW SERIES. D D D
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reasonable doubt. And so we are inevitably led to tbe view

that head-kidneys and posterior nephridia form one homo-

logous series of organs, a conclusion also reached by Meyer,

and in favour of which I have argued in a previous paper

(10). Two of the chief points, urged by those authors who
have attempted to show that the head-kidney is an organ sui

generis, are that it does not open internally, and that its

lumen branches. Now both these characters are common to

the nephridia of Nephthys and Glycera. Either the head-

kidney is merely a precociously developed nephridium, or

Nephthys must be said to have a pair of " head-kidneys " in

every segment of its body. A careful study of the first,

second, and third nephridium in Polygordius will, I think,

dispose once and for all of the view that the " head-kidney "

is not a true nephridium.

Summary of the Most Important Facts described in

Parts I, II, and III.^

Phyllodocid^ (Part III, p. 669).

Alciopinaa.—In Vanadis formosa the nephridia are

paired, slender, longitudinal tubes, opening ventrally near

the base of the parapodium, and continued forwards into the

next segment, where they end in a curved blind extremity.

Placed at intervals along the anterior third of the canal are

bunches of solenocytes. The cell bodies and nuclei of the

solenocytes are massed together at the free distal ends of the

tubes. Long flagella work down the tube into the lumen of

the canal, which is ciliated, and ends posteriorly in a slightly

dilated chamber before the external pore. Cilia are situated

on the coelomic surface of the nephridial duct, in the vicinity

of the solenocytes ; by their action they renew the fluid in

the neighbourhood of the tubes.

The nephridia of other Alciopids examined, Alciope and

Asterope, are of practically the same structure; but the

1 Part I appeared in vol. 40 (1897), and Part II in vol. 41 (1898) of this

Journal ; see the table of contents at the end of this paper.
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internal end is more or less branched, and the solenocytes

restricted to the branches.

No genital funnels occur in the quite anterior segments, in

a varying number of which nephridia alone may be present.

From about the ninth segment (Asterope) traces of the

genital funnel may be seen as a thickened ciliated patch on

the anterior face of the septum near the nephridium. Pass-

ing backwards, this increases in size, and bulges into the

segment behind in the form of a blind ciliated sac. In

Vanadis the funnel is long and almost tubular in shape. At
maturity the sac enlarges, becomes filled with spermatozoa

or ova, fuses with the nephridial canal about halfway down its

course, and finally opens into it, allowing the ripe genital pro-

ducts to pass to the exterior by the nephridiopore (Alciope).

Phyllodocinse.—The nephridium closely resembles that

of the preceding sub-family ; but the blind internal end is

more branched, the lumen being even subdivided in some

cases (Eteone) into primary and secondary canals. The
solenocytes are generally set in rows chiefly on the dorsal

surface of the lobed extremity. In Phyllodoce Paretti,

however, they are grouped only at the tips of the branches.

In most cases the tubes of the solenocytes support the cell-

bodies at their distal free ends; but, in Phyllodoce lami-

nosa, the cell-bodies are bent round so as to rest on the

nephridium. In this species, also, cilia are developed on the

ccfilomic surface between the rows of solenocytes.

The genital funnels develop, except in a few anterior seg-

ments, as thickenings of the peritoneum lining the septum

dorsal to the nephridium, which become bell-shaped and

ciliated, grow backwards towards the nephridial canal with

the wall of which they become fused, and open at maturity

into its lumen. The ripe genital products are thus enabled

to escape through the nephridiopore.

Nephthyid^ (Part I, p. 188, and Part III, p. 715).

The species Nephthys scolopendroides, and N. cfeca,

have been studied. The nephridium consists of a long
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slender tube, opening ventrally to the exterior near the base

of the parapodium. It passes inwards, and forwards, to the

posterior limit of the next segment, where it ends blindly in

a tuft of from three to five branches. Along these branches

are set rows of soleuocytes ; the tubes towards the inside, the

cell-bodies on the outside, joined together in pairs. A long

" neck " connects each cell-body, resting on the nephridium,

with the distal end of its tube. The granular protoplasm

of the " neck " is often drawn out into slender irregular

processes.

Situated quite near the nephridial tuft, so close that the

nephridial tube is embedded for a part of its course in its

posterior wall, is the rounded '' ciliated organ," or incom-

plete genital funnel. Its ciliated surface is marked by deep

grooves converging downwards towards a point quite near

the epidermis at the intersegmental groove ; here also it is

closely connected with the nephridial duct.

In Nephthys ceeca, at this spot the lower extremity of

the genital funnel passes into a sac, or pocket, formed by a

fold of coelomic epithelium, in which are aceumulated amce-

bocytes loaded with waste products.

" Glycekid^ (Part II, p. 439).

In Goniada the nephridium opens ventrally to the exterior,

and ends internally in a tuft of short blind branches provided

with solenocytes. Goniada emerita has a large nephri-

dium of which the internal end has a much subdivided

lumen, and solenocytes placed in rows, as in tbe Phyllodo-

cinae. The cell-bodies of the solenocytes rest on the surface

of the nephridium.

The genital funnel consists of a trumpet-shaped ciliated

organ, which develops rapidly at maturity, and finally fuses

with and opens into the nephridial canal to allow the genital

products to escape to the exterior by the nephridiopore. In

immature specimens the funnel is in a very rudimentary

state.
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In Glycera the genital funnel is developed even in young
and immature specimens, and is not known to open to the

exterior at any time. It is situated in front of the septum^

provided with one long lip extending on to the body-wall in

some species, and with another lip leading into a sac. This

pouch of the coelomic epithelium, which I have called the

nephridial sac, varies greatly in size in diiferen.t species.

Into it are driven floating cells from the coelovn by the action

of the cilia of the genital funnel. Tnus waste material is

accumulated in the nephridial f^-^c, brought there by amoebo-

cytes and by the red corpascles or hsematocytes, which may
also be both amoeboid and phagocytal.

The nephridial sac is but little developed in Glycera
convolutus, much larger in Gr. unicornis, and best de-

veloped in G. siphono stoma. In the two latter species it

is provided with a cascal outgrowth, incompletely subdivided

into secondary chambers. Special granular cells are found

loose in the secondary chambers and main sac. The caecum

lies along the nephridial canal, and probably represents that

region of the funnel which in other forms is known to open

into the nephridium.

The nephridium itself is closely connected with the ne-

phridial sac. It is blind internally, and opens externally by a

pore on the ventral surface. The canal passes inwards and

forwards through the next septum to the genital funnel, and
then spreads over the nephridial sac, covering it more or less

completely. The lumen of the nephridium in this region

branches repeatedly, a spongework being formed by the

numerous primary and secondary canals. The latter dilate

at intervals into chambers, on the outer ccelomic surface of

which are situated the solenocytes. These cells are thus

scattered over the inner extremity of the nephridium, which

itself spreads over the sac. In Glycera convolutus and

G. siphonostoma the solenocytes are arranged in small

groups of two, three, or more, the cell-bodies containing the

nuclei being supported at the free extremities of the tubes,

and resting against each other; but in G. unicornis they
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are placed in paii's, and the cell-bodies are fixed to the sur-

face of the nephridium.

PoLYGOEDiiD^ (Part III, p. 715).

The nephridium of the adult Polygordius neapoli-

tanus is in the form of a narrow tube running just below the

junction of the oblique with the longitudinal muscles. Be-

hind it bends iowards the epidermis to open to the exterior
;

in front it opens into t'he next segment by means of a small

nephrostome, one lip of whicH only is ciliated.

There appears to be no definite trace of a genital funnel,

the genital products escaping by rupturO of the body-wall.

The first nephridium, the so-called head-kidney, of the

trochosphere larva (described from an unknown species found

on the coast of Ceylon) has a branched internal end, each

blind branch of which is provided with a bunch of solenocyte

tubes surrounding a single nucleus.

Hesionid^ (Part I, p. 185, and Part III, p. 713).

Hesione (Fallacia) sicula has a nephridium which

opens veutrally to the exterior, passes inwards and forwards,

becomes considerably coiled, and finally ends just in front of

the intersegmental region by a small simple funnel opening

into the coelom of the next segment. Connected with the

lip of the nephrostome by a narrow strip of epithelium is a

large crescentic genital funnel (ciliated organ), the ciliated

surface of which is marked by deep grooves. Those of the

middle region converge towards the lower extremity of the

organ, where it is connected with the nephrostome and with

the body-wall. The exact mode of exit of the genital pro-

ducts is unknown.

In Tyrrhena the nephridium is essentially the same ; but

the genital funnel is smaller and more closely connected with

the nephrostome.

In Kefersteinia and Ophiodromus it completely surrounds

the inner extremity of the nephridium.

Finally in Irma, where the nephridium is no longer coiled.
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the large genital funnel surrounds and fuses completely with

its inner end, forming a trumpet-shaped ccBlomic funnel.

The genital products, collected together by the action of its

ciliated surface, pass down into the nephridium, and so to

the exterior by the nephridiopore.

Syllid^ (Part III, p. 708).

Those segments of Syllids from which genital products are

not expelled, the regions, whether sterile or not, in which at

all events the generative cells do not reach maturity, possess

a simple nephridium. It is a slender tube, opening into the

ccelom by a small nephrostome, running backwards through

the septum into the next segment, where it reaches the ex-

terior on the ventral surface. The canal is ciliated more or

less continuously throughout, as in other Polychaetes, and a

special bunch of long cilia is borne on the projecting lower

lip of the nephrostome. The upper lip is generally repre-

sented by a little mass of closely packed cells, which is ap-

parently a thickening of the coelomic epithelium, and the

rudiment of the genital funnel. In mature specimens of

those forms which do not reproduce by budding, and in the

ripe buds or reproductive regions of those which do, the

genital funnel becomes very much enlarged, extending up

the septum on to the body-wall, and surrounding the opening

of the nephridium. The original nephrostome is then no

longer distinguishable. The canal of the nephridium be-

comes much enlarged, and the whole organ functions as a

genital duct.

Amphinomid^ (Part III, p. 712).

In these woi'ms, of which the genera Euphrosyne and

Eurythoe have been studied, the nephridia are provided with

a trumpet-shaped funnel opening inwards and backwards.

The funnel passes forwards and downwards into the nephri-

dium, which is a short, thick, slightly coiled tube, running

backwards, and opening to the exterior ventrally by a minute
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pore iu the mter-segmental groove near the base of the para-

podium, corresponding to the segment in which the funnel

opens. These organs function both as kidneys and as genital

ducts.

Geneeal Conclusions.

Hitherto in this paper I have scarcely ventured beyond the

domain of facts, but I now propose to point out some of the

more important theoretical conclusions which may be drawn

concerning the homology of the Polychaete nephridium and

its relation to the genital funnel.

The Genital Funnel.—First of all as to the genital

funnel. Is it, as I have elsewhere contended (10), the mor-

phological representative of the genital ducts of other Anne-

lids ? Or is it, as some would appear to believe, merely a

specialised portion of the nephridium, a much enlarged

nephrostome which may become separated off from its duct ?

For various reasons the first of these views seems to me to

be the only reasonable one. It is not advisable here to go

into the general question of the homology of the genital ducts

or funnels of the other Annelids, a subject which I have

already dealt with in some detail in the paper referred to

above (10), but it may be pointed out, that, where the

anatomy and development of the genital funnel in these forms

is understood, it is found to arise from the ccelomic epithe-

lium, being in fact merely a specialised, ciliated, funnel-

shaped outgrowth of the ccelomic follicle, designed to afford

an outlet for the ripe genital products.

From the facts described in Parts I, II, and III, and others

we were already acquainted with, we are now in a position to

state that in the Polychseta also a specialised, ciliated, funnel-

shaped segmental region of the ccelomic epithelium is deve-

loped, which forms a duct to lead the genital products to the

exterior. Moreover, that this funnel may secondarily acquire

other functions than the merely genital, and in this case is

generally early developed in the immature animal (Nephthys,

Glycera) ; that it may even occasionally cease to function as
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Diagrams illustrating the relation between the genital funnel and the

nephridiuna in the Polychseta : A, hypothetical form with separate

genital funnel and protonephridium ; B, Phyllodocidse and Goniadse

;

C, Nephthyidse ; B, Dasybranchus caducus; B, Dasybranchus
gajolse and Tremomastus; F, Nereidse ; Q, Hesione; ZT, Irma; I,

Syllidse, Spionidse, Terebellidse, etc. The nephridium is drawn with

thick black lines, the genital funnel is shaded with thin cross-lines. The

small circles represent ripe ova.
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a genital duct at all, no longer acquiring an opening to the

exterior, and in some cases dwindle away perhaps entirely.

On the other hand, that it may in various ways become

grafted on to the nephridium, and fulfil its primitive function

with the help of that organ.

Quite briefly the facts are as follows :—In the Phyllodo-

cidge the nephridium has no internal opening, but in most

segments a ciliated genital funnel, developed from the

coelomic epithelium, at sexual maturity fuses with and opens

into the nephridial duct. The compound organ thus formed

functions as a genital duct (Fig. B). In the Glyceridse, in

some species (Goniada), the relations of the two organs is

found to be exactly the same as that desci'ibed in the Phyllo-

docidee (Fig. B). But in others (Glycera), the genital funnel

is not known to actually open into the nephridial canal ; on

the other hand, it is known to accumulate waste products

near the nephridium, to develop early, and to persist in the

immature individuals, being active throughout life. The

method of exit of the genital products is still unknown.

In the Nephthyidee the nephridium is also closed

internally. The genital funnel is not known to acquire an

opening either directly to the exterior, or indirectly through

the nephridial canal. The mode of exit of the ova and

spermatozoa is not yet known. The flattened genital funnel

is persistent throughout life, serving to collect waste products

in the neighbourhood of the nephridium (Fig. C)

.

In the Ly CO ride a, or Nereid as, the genital funnel,

although larger than in Nephthys, has not been observed to

acquire an external pore (Fig. F) . It is quite independent of

the nephridium, which has a real open nephrostome of its

own (8).

The Capitellidae have nephridia with true nephrostomes.

The genital funnel in some forms (Dasybranchuscaducus)
is quite independent, acquires at maturity a pore to the

exterior, and functions exclusively as a genital duct (Fig. D).

In others the edge of the lip of the genital funnel may
become connected with the nephrostome (Dasybranchus
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gajolae and Tremomastus, Fig. E) ; but even in this case the

funnel still develops an opening to the exterior^ through

which alone the genital products are shed. Lastly in

Clistomastus, where the generative cells escape through the

rupturing of the body-wall, the genital funnels are found only

in a more or less rudimentary state, and do not normally open

to the exterior.^

In figs. 31 and 32 I have represented some transverse

sections of Notomastus latericius, showing that in this

species the large genital funnels open to the exterior (at the

level marked by an asterisk *), and are quite independent of

the nephridium and its nephrostome, several sections inter-

vening between the end of the latter and the beginning of

the funnel.

The HesionidiB present some very important variations

of structure. Hesione (Fallacia) has a very large genital

funnel, not known to open to the exterior ; but which is

connected at one point Avith the open nephrostome of the

nephridium. The exit of the genital products has not been

observed (Fig. G).

In the genera Tyrrhena, Ophiodromus, and Irma, we find a

gradually closer and closer union established between the

funnel and the nephrostome. In Irma, where the genital

funnel is very well developed, it is so completely fused with

the nephridium that the two organs can no longer be dis-

' These facts concerning the Capitellidae are all drawn from Eisig's mono-

graph (5). The case of Clistomastus is so important in connection with

Nereis and the Hesionids that his statements deserve to be quoted at length.

About Clistomastus Eisig writes, page 146 :—" Aber—in einzelnen Falhen sind

doch Spuren der Schlauche .... in den letzten drei Thorax-Segmente

vorhanden. Diese Spuren sind erstens auf die Liebeshohle beschrankten und

stellen daun peritoneale Wucherungen dar, die zwar noch an die Form der

Genitalschlauche eiinnern, aber doch jedwederausseren Miindungen entbehren.

Zweitens konnen diese Spuren umgekehrt ansschliesslich aus mangelhaft

ausgebildeten Poren bestehen, welche den Hautmuskelschlauch uich durch-

brechen oder, wenn sie das thun, doch nur in iiberaus kleine und undeutlich

ausgebildete Genitalschlauche iibergehen .... In noch setteueren Fallen

endlich . . . erreichen aber auch bei Clistomastus die Geuitascblauche eiue

voUkommeuere ausbildung."
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tinguislied (excepting, of course, by their histological

structure and position). The nephridium thus acquires a

large trumpet-shaped opening into the coelom, and functions

both as a genital, and as an excretory duct (Fig. H).

In young Syllidae the genital funnel can scarcely be said

to exist, being represented only by a few crowded cells in

the coelomic epithelium on the anterior face of the septum,

just above the opening of the small nephrostome into the

ccelom. In those Syllids, like Autolytus, Myrianida, and

Haplosyllis, which become differentiated into vegetative and

reproductive regions or buds, the genital funnel advances

little beyond this very rudimentary stage in the regions from

which genital products are not extruded. But in the seg-

ments from which the mature genital cells are shed, the

genital funnel develops into a large trumpet-shaped organ

fused on to the anterior end of the nephridium. The canal

of the latter becomes dilated, and through this compound

structure ova or spermatozoa pass out to the exterior (Fig. I).

In the remaining great families of the Polychasta—the

Eunicidf©, Amphinomidee, Aphroditidas, Spionidse, Arenico-

lidae, Terebellidae, Sabellidae, and their allies—the excretory

organs are always provided in the adult with large funnels

opening into the ccelom, and function as a rule both as renal

and as genital ducts. The structure of these organs is

sufficiently well known, through the labours of Ehlers (6),

Claparede (2), Cosmovici (3), Cunningham (4), Meyer (22),

and others, not to need a detailed description in this paper,^

In all essentials they very closely resemble the compound

nephridia of such a form as Irma (Hesionid). The upper

lie of the funnel usually extends for a considerable way

on the anterior surface of the septum (when it is present)

and on the body wall (fig. 21). In some worms the anterior

organs alone may act as genital ducts, as in the Polynoinse

1 I have recently investigated the structure of the excretory organs of

Saccocirrus; but since it appears to be a very highly modified form, and does

not seem to throw much light on the general question here discussed, I shall

reserve my description for a future paper. For Polygordius see p. 715.
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(Trautzsch, 25), the Opheliidse, etc. In others, on the con-

trary, the posterior organs may be exclusively genital in

function, as in the Terebellid^, Sabellidge, etc. In such

cases, the organs which excrete have the glandular canal more
highly developed ; whilst those which act as genital ducts only

have the funnel region enlarged, and the nephridium reduced.

Now, if we seek for an explanation of these facts, we are

driven to the conclusion that, in a large number of

Polychsetes, the so-called "segmental organ" or

"nephridium" is in reality formed by the fusion

of a true nephridium with a genital funnel; two

organs which in certain other Polychsetes,^ in all other Anne-

lids, and indeed, so far as we know, in all other Coelomates

have always remained distinct.

That the nephrostome in the Oligochsetes and Hirudinea

belongs to the true nephridium, and is developed with it

from the same rudiment, has now been proved over and over

again (see 10) ; that, similarly, the nephrostome in the

Nereidas and Capitellidae belongs to the true nephridium

there can be scarcely any doubt, although the steps in its

development have not yet been so carefully followed^; that

the wide funnel on the anterior end of the segmental organs

of the Amphinomidse, Eunicidae, Aphroditidee, Spionid^,

etc., does not represent the nephrostome, but is the genital

funnel, an organ originating from the coelomic epithelium

separately, seems almost equally certain ; and, indeed, may
be considered to have been proved by Meyer (22) in the case

of the Tubicolous worms.

Unfortunately we have, as yet, no evidence with regard to

the development of these organs in the other families. I can

only add one observation of interest in this connection.

The nephridium of the pelagic larva of Arenicola^ is

1 These are, of course, the Nereidse (Lycoridea) and some Capitellids.

^ Ed. Meyer has figured the development of the nephrostome of Nereis

from the extremity of the blind larval nephridium (22),

^ First described by Benham, who was unable to find the nephrostome (1).

Since this was written, Messrs. Gamble and Ashworth have described this
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provided with a small funnel, evidently a true nephrostome,

projecting and opening into the coelom (fig. 49). Its fringed

lip, with ciliated protoplasmic processes, bears a remarkable

resemblance to that of Nereis (8, and this paper figs. 41, 42,

and 44). It seems but reasonable to suppose that this organ

can be converted into the wide-mouthed " nephridium " of

the adult worm only by the addition of a genital funnel

derived from the coelomic epithelium.

The comparison between the large funnel of the excretory

organs of such a worm as Eunice (fig. 21), and the genital

funnel of the CapitellidaB, might seem, at first sight, some-

what strained and fanciful. But the two structures are so

similar in structure and function, and the intermediate steps

(Hesionidee, etc.) are so complete, that no other view seems

now to be admissible. Although I do not wish to lay too

much stress on histological similarity, and such resemblances

may perhaps rarely be sure guides to the identification of

homologous organs, yet, I think it will be admitted, that the

presence of the peculiar and almost identical ciliated ridges

on the surface of the large funnels of such widely separated

forms as Nephthys, Nereis, Fallacia, Eurythoe,^ and Tere-

bella, can scarcely be due to mere coincidence.

Moreover, it must be remembered that the two organs are

mutually exclusive : never do we find a separate genital funnel

in those forms which possess wide-mouthed excretory organs

;

and conversely, with the one possible exception of Polygor-

dius,^ never do we find Polychtetes having nephridia with

only small true nephrostomes without genital funnels.

The fact that no external pore has been found to the

supposed genital funnel of the Nereids and Glycera cannot

" post-larval stage," denying the presence of a nephridial funnel (" The

Anatomy and Classification of the Arenicolidae," ' Quart. Journ. Mic. Sci.,'

vol. 43, 1900). I can only state that funnels were certainly present in the

specimen I examined at Plymouth, and moreover that the ciliated processes

have nothing to do with the ciliated folds of the adult organ.

' An observation I made on a large species dissected fresh.

' See pp. 715 aud 734.
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be urged as a weighty objection to the homology, since any

day such an opening may be discovered by some observer

fortunate enough to find these Avorms in the act of shedding

their genital products. If such a pore does not exist at all

we have a ready explanation at hand in the already quoted

example of Clistomastus (p. 726), where its absence is un-

doubtedly due to degeneration of the genital funnel, accom-

panying the adoption by this worm of another method of

shedding its germ-cells.

The position, then, is this : we find two separate organs in

the Oligochgeta, Hirudinea, and some Polycheeta, the one

excretory, the other genital. I contend that they are respec-

tively homologous in the three groups. Surely the burden

of the proof lies entirely on the side of those who would deny

this homology. If the genital funnel of the Polycheeta

be merely a secondary derivative of the nephridium, not

homologous with the genital duct of the others, then it

should be explained why the latter duct is absent in these

worms, and we might even reasonably expect to be shown a

trace of it in some family.

To answer that in the Oligochgetes and Hirudinea them-

selves these genital ducts are merely modified nephridia or

their derivatives, is only to throw the question back a step

farther. For then it may be asked, where are the represen-

tatives in the Annelids of the genital ducts of the Platy-

helminths and Nemertines ? What has become of these

ducts, have they disappeared, leaving no trace behind them,

to be replaced by organs of exactly similar relations, but not

homologous ?

Perhaps a stronger argument still against such a view, is

that it is directly opposed to the evidence of comparative

anatomy and embryology, which goes to show that, as a

matter of fact, the genital ducts or funnels are not modified

nephridia at all, and have originally nothing to do with

nephridia ; that their function is, and always has been pri-

marily that of carrying the genital products to the exterior,

and that consequently they must always have been in con-
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tinuity with the coelomic epithelium, and in open communi-

cation with the coelom (10).

The connection between the nephridium and the

genital funnel:—From the brief review of the facts given

on page 725, it will be gathered that the combination of the

genital funnel with the nephridium is of three different

kinds.

According to the first mode of union, the funnel fuses with

and opens into the canal of the closed nephridium : in

Phyllodocidse and Glyceridee.

According to the second mode, the funnel, whilst preserv-

ing its original opening to the exterior, may be connected

by the edge of its lip with the nephrostome : in some Capi-

tellidse.

Finally, in the Hesionidse, the funnel, losing its external

pore, surrounds and opens into the extremity of the nephri-

dium.

It may now be asked, what is the nature of this connection ?

How far is it really similar in the three types, and is it likely

to have happened independently in these three cases ?

So far as one can judge from the facts now known, and

without a knowledge of the development, it seems probable

that the first mode of union (in the Phyllodocids and Gly-

cerids) was bi'ought about by the gradual approximation of

the originally distinct openings of the funnel and nephridium,

until the two organs opened together, and that the opening

of the genital funnel shifted farther and farther up the

nephridial canal, until it acquired its present position.^

In the case of the Capitellidfe, the connection between the

two organs is, after all, not very close. It consists in a

1 Of the mere shifting of the pores of both the nephridia and the

genital funnels, we have ample evidence in the Annelids ; and that the peri-

toneal funnels have a peculiar tendency to fuse with adjacent tubes is shown

in the case of the sperm-ducts of Oligochaetes and Leeches, and of the pro-

nephric funnels of Vertebrates. Long ago, Nussbaum ('Arch. mikr. Anat.,'

vol. xxvii, 1886, p. 466) showed that the mesonephric funnels fused with and

opened into the blood-vessels of Amphibia.
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running together of their lips, the functional meaning of

which is not clearly understood. There is little difficulty in

supposing that it has been independently acquired, and is

peculiar to the family.

The exact mode of origin of the connection between the

nephrostome and the genital funnel in the third group is

more difficult to determine. It might conceivably have come

about, as indicated above for the Phyllodocidse, by a gradual

approximation of two originally distinct apertures, and the

subsequent shifting of the genital funnel on to the tip of the

nephridium ; or, as in the Capitellidge, by the fusion of the

lips of the two organs, followed by the loss of the primitive

genital pore. On the whole, I am inclined to think that

neither of these processes was the one adopted in this case

;

but that the connection took place owing to the nephrostome

itself becoming so closely situated to the end of the genital

funnel, as the latter grew towards the epidermis at maturity,

that a fusion took place, leading to the grafting of the

genital funnel on to the internal extremity of the nephridium.^

The genital products then passed down the nephridial canal,

instead of directly to the exterior. It will be noticed that

the nephrostome of the Hesionidte is situated very close to

the body-wall. This interpretation seems to be supported by
Meyer's description of the development of the excretory

organs of Polymnia (22), where the inner end of the ne-

phridial rudiment is represented as fusing with the apex of

the developing funnel.

Judging by the very similar final results obtained, it is

from some such mode of union as this which has been de-

monstrated in the Hesionidoe, that the compound large-

funnelled excretory organs of the majority of Polycheetes

(Syllids, Eunicids, Aphroditids, Amphinomids, etc.) have

been formed.

The consideration of the structure and homology of the

' Tbe usefulness of the ciliated genital funnel in accumulating waste pro-

ducts in the neighbourhood of the nephridium has, no doubt, in all three

cases contributed to bring about the " rapprochement."

VOL. 43, PART 4.—NEW SERIES. E E E
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nephridia tliemselves, to whicli we may now turn, will afford

further evidence in favour of the views advocated above.

The Nephridium.—It will be readily seen from the facts

summarised above that three distinct types of nephridia are

found amongst Polych^te worms.

The first type, found for instance, in Alciope, has no

internal opening. The second type, as in Nereis, opens

into the coelom by means of a true nephrostome. The third

type, as in Polymnia, is a compound organ, formed by fusion

with the genital funnel.

Which of these three types is the most primitive ? Are

they to be looked upon as three stages in the development

of any one of them, or as three divergent forms derived

from some ancestral type ? These are some of the questions

which immediately suggest themselves, and it will help us to

answer them if we first consider an objection that may be

raised against the arguments put forth above with regard to

the secondary nature of the connection between the ne-

phridium and the genital funueh

It may, indeed, be said that the facts can be interpreted in

exactly the reverse order.

That, in the Phyllodocidffi, Capitellid^, and Hesionidae,

for example, we are not dealing with nephridia which be-

come gradually more and more closely connected with the

genital funnel ; but, on the contraiy, that the wide-mouthed
'^ nephridia" of the Spionid^, Terebellidae, etc., represent

the primitive condition of things, and that we can observe in

the series described the gradual separation from its duct of

the nephridial funnel, and its subsequent acquisition of an

opening of its own to the exterior for the extrusion of the

genital products.^

* Those who support the view that the separate genital funnels in the

Polychseta are not primitive organs, might point to Polygordius as an example

of a primitive form in which these funnels have not yet become separated off

from the nephridium. But such a statement, if accepted, would prove too

much. For if Polygordius really occupied the position assigned to it near

the base of the Annelid stem, it is surely in this of all worms tiiat we siiould

expect to find tlie nephridium opening into the ccelom by means of a wide
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It will be seen at once^ however, that the adoption of such

a view as this would lead us into a maze of difficulties, from
which there appears to be no escape, if our theories concern-

ing the Polychsete nephridium are to be at all consistent with

well-established conclusions concerning the structure of allied

groups.! Take the case of the Phyllodocids, for instance.

It would have to be supposed that in these worms the ori-

ginal funnel became separated off, that the truncated ne-

phridial canal acquired a highly complex, closed, branching

extremity, and that the funnel became again grafted on at

maturity to reassume something of its original relations and
function. For all this there is, of course, not a scrap of

evidence. Moreover, it is directly opposed to such evidence

as we have from the study of development, that the further

we go back, the earlier the stage investigated, the less close

is the connection between the nephridium and the genital

funnel (Part II, p. 454, Part III, p. 702).

Far more natural is it to compare the closed, generally

branched, nephridia of Phyllodoce, Nephthys, and Glycera,

with the branched organs ending in flame-cells found in the

Platyhelminths, Rotifers, and Nemertines (see p. 738 below).

The solenocytes, indeed, appear to be comparable only to

flame-cells. Such, at all events, must be the conclusion

until a knowledge of their development warrants another

opinion.

This view is further supported by the knowledge that

many nephridia, which in the adult condition open into the

coelom, pass through a " protouephridial " stage with closed

funnel, and acting as a genital duct. Now this is just what is not the case in

Polygordius. Here the genital products escape by rupture of the body-wall,

and the nephridia have only small nephrostonies (p. 715).

Moreover, there really appears to be nothing in what we know of the

structure of these worms which warrants any other view but that they are

a specialised offshoot from the Polychsete stem. And it may be pointed out

that some of those very authors who would consider them as primitive

Archiannelids, associate them wrecklessly with forms like Dinophilus and

Saccocirrus, where the genital ducts acquire an unusual complexity.

1 See also p. 730, and my general paper (10).
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internal end.^ The nephridium of the first segment, the so-

called " head kidney/' in the majority of Polychaetes never

passes beyond that stage. The discovery of solenoeytes in

the " head kidney " of Polygordius is of some importance in

this connection (see p. 717).

As for the second type of nephridium, it appears to have

been developed within the Polychfete group by the opening

of the true nephridium into the coelom. This is actually

what happens in the development of Nereis (Meyer, 22).

Such an opinion may, perhaps, commit us to the conclusion

that the nephridium has acquired an opening into the

ccelom independently in the Oligochtetes and the Polychsetes.

This would be an objection, no doubt, but, whatever may

be thought of this difficulty, it is clearly much less than the

many difficulties to be met by the opposite view.

The third type of organ has been already dealt with (p.

728) and explained as the result of the fusion of the genital

funnel with the nephridium.

The strictly provisional conclusion we have arrived, at,

therefore, is that, although the third type of excretory organ

may conceivably have been derived from the second, the first

type must represent a survival, possibly highly specialised, of

the protonephridial ancestral form without communication

with the ccelom.

The Solenoeytes.—Lastly, let us discuss those peculiar

structures which I have termed solenoeytes. Typically they

consist of a cell-body, containing a deeply staining rounded

or oval nucleus, attached by a sort of neck to the extremity

of a thin tube which opens at its opposite end into the lumen

of the nephridial canal. The tube may be long, narrow, and

of almost even diameter, as in most Phyllodocids (figs. 3

and 9) ; or comparatively short, conical, and compressed with

fluted sides, as in Glycera (Part II, figs. 9 and 14). It

appears to be formed of a dense cuticular substance, and

may project far into the lumen of the nephridium (figs. 2

and 9). Working inside the tube and attached at its distal

' lu Oligocbsetes and Hirudinea, as well as PolycLsetes.
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end is a single long flagellum, which passes far down the

nephridial canal ; the movements of the flagellum are such

as to propel liquid down the tube towards the external pore.

In the majority of cases the cell-body hangs freely in the

coelom, supported at the tip of the tube (figs. 11 and 14).

The solenocytes then generally become grouped together for

mutual support (Part II, fig. 14) ; or the cell-bodies may even

be fused into large masses, as in the Alciopids, the individual

cell-outlines being lost (figs. 2 and 9). In other cases the

cell-body is bent round so as to rest on the surface of the

nephridium, an elongated neck connecting it with the distal

end of its tube (Part I, fig. 26 ; Part II, fig. 9 ; and this

Part, fig. 13). Such cells are usually joined together in

pairs, more or less fused.

The protoplasm of the solenocytes is generally finely

granular, occasionally with refringent globules (Phyllo-

doce paretti, fig. 14) ; but, as a rule, singularly free from

concretions or granules of excretory matter. Indeed, ex-

periments seem to show that they are not concerned with the

excretion of such waste substances (Part II, p. 452). Often

fine, irregular, probably amoeboid processes are given olf from

the cell-body (Part II, fig. 4), or from its neck (Part 1, fig. 26).

The distribution of the solenocytes varies considerably.

In Vanadis (fig. 1), where the nephridium is unbranched,

they are placed in bunches along the anterior third of its

course. In Alciope cantrainii (fig. 3), and Phyllodoce
paretti (fig. 14) they are grouped only at, or near the tips

of the branches of the nephridial canal. JN'ephthys (Part I,

fig, 26), and most Phyllodocids in which the nephridium is

branched, have the solenocytes ranged in regular rows

facing each other, so to speak, along the whole length of the

branches. On the contrary, in Glycera, where the nephri-

dium spreads out in a flattened mass, they are irregularly

scattered in small groups over its coelomic surface (Part II,

figs. 14, and 29). Intermediate forms between these ex-

tremes are also found.

Sometimes cilia are developed in the Phyllodocidge close to
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the solenocytes, on the surface of the nephridium, by the

action of which the surrounding liquid is kept in motion. In

Alciope cantraiuii these cilia work regularly between the

tubesj placed in short transverse rows to facilitate this move-

ment (figs. 3 and 4). The proximity of the solenocytes to

the ciliated persistent genital funnels, in Nephthys and

Glycera, and the general circulation of the coelomic fluid in

the latter genus, probably render the development of external

cilia unnecessary in these forms.

With our present lack of knowledge of the development of

the solenocytes, we can do little more than make a rough

guess at their homology. As has been shown above, p. 735,

there seems to be little doubt that the nephridia of the

Phyliodocids, Nephthyids, and Glycerids are primitive in

being closed internally, that they have never been otherwise

than closed, and must, therefore, be compared with the

" protouephridia^' of the Platyhelminths, Eotifers, and

Nemertines. Anyhow the solenocytes themselves can be

more readily likened to flame-cells than to any other struc-

tures described in the excretory organs of the Annelids, or

their allies.^ Indeed, if we carefully compare these cells with

the flame-cells described by Burger (1 a) in the Nemertines,

the resemblance is seen to be more than superficial. In both

cases there is the same tendency to the grouping of the cells

in bunches, the same shape and position assumed by the cell-

body at the extremity of a narrow canal in which the cilia

work ; and the processes drawn by Biirger as arising from

these cells, may perhaps be compared with those seen in

Nephthys.^

^ Tbere is a strange resemblance between the solenocytes and the peculiar

cells described by Boveri as surrounding the openiugs of the excretory tubules

in Amphioxus. Some years ago, I examined these tubules in fresh specimens,

and came to the conclusion that the resemblance is only superficial. In

Amphioxus, the straight processes converging towards the coelomic openings

appear tobesolidprotoplasmicrods (perhaps modified cilia), not tubular

structures opening into the lumen of the kidney-tube, as in the case of

solenocytes.

"^ In this general discussion I have made no mention of the solenocytes in
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It may, therefore, be concluded that, so far as our present

knowledge allows us to judge, the closed nephridia and
solenocytes of the Polychaites are probably homo-
logous with the protonephridia and flame-cells of

the Nemer tines.

The Importance of the Nephridium in Classifi-

cation.—Hitherto the classification of the Polychaeta has

been based chiefly on external resemblances, and the struc-

ture of the alimentary canal. That the nephridium and

genital funnel must also be taken into account, will, I think,

be owned by anyone who has read the description of these

organs given above. A superficial glance at the variations

occurring in their structure amongst the Polycligeta, might

perhaps lead one to suppose that the genital tunnels and

nephridia are too vai-iable to afford reliable material to the

systematist. The extraordinary plasticity of the nephridium

in the Lumbricidae, made known to us through the researches

of Perrier, Beddard, and Benham, might encourage this

view ; but it must be remembered that, even in the Lum-
bricidae, although the nephridia vary immensely in the

relative development of their parts, and in the number and

position of their openings, yet they throughout maintain a

definite Lumbricid character, a family resemblance. More-

over, in each of the other families of the Oligochaeta, the

nephridium assumes a more or less characteristic type of

structure, so that a worm could as surely be identified as

belonging to the Bnchytrseidae, for instance, by the exami-

nation of its nephridium, as by that of any other part of its

body (see Vejdovsky [26] and myself [9]).

In the same way, amongst the Polych^ta, although im-

portant differences in the relative development of the parts

of the nephridium undoubtedly occur, yet the type of struc-

ture remains very constant within the families themselves.

For example, in the Lycoridea (Nereidee), the nephridium is

the " head kidney" of Polygordius (p. 71G), siuce I have been unable to

ascertain for certain the exact detailed structure of these very aberrant

organs.
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always^ so far as I have been able to ascertain, formed of a

bulky mass enclosing a coiled canal opening into the coeloni

by means of a small funnel, the edges of which are provided
with ciliated processes. The shape^ disposition, and number
of these processes, and of their cilia, differ in the various

genera (or sub-genera) and species ; but each is charac-

teristic of the species to which it belongs, and again the
general structure of the nephrostome is characteristic of the

family Lycoridea. For purposes of comparison, I have given
the nephrostomes of the Nereids Lipephile cultrifera, Gr.

(figs. 44, 45), Praxithea irrorata, Mgr. (fig. 41), Eu-
nereis longissima, Johnst. (figs. 42, 43). That of Alitta
virens, Sars, has already been figured by Cunningham (4),

and of Nereis diversicolor, O.F.M., and Nercilepas
fucata, Sav., by myself (8). Similarly in all the Phyllo-

docidte examined, the nephridium was found to be of

essentially the same structure; and the same may be said of

the genital funnel. It is evident that these organs cannot be

neglected in classification.

Tabular Statement of the Relation of the Nephri-
dium to the Coelom, and to the Genital Funnel
in the Polychgeta.

Nepliridium

closed

internally.

Nephridium

open

iuterually.

Genital funnel distinct, but opening ^ Plijliodocidse.

into uephridial canal may be ac- I Glyceridse.

quired at maturity.
J

Nephthyidse.

Capitellidae.
Genital funnel with independent ex-

ternal opeuiug.

Genital funnel becomes connected

with the nephrostome, and loses

its primitive opening to the exte-

rior.

(Lyco-? Nereidae

ridea).

Hesionidae (all ?)

Syllidte.

Aphroditidae.

Eunicidae.

Spionidas.

Terebellidse.

Sabellidse.

Etc. etc.
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From this table it will be seen that the Polychgeta fall into

two main groups : the first having closed ''protonephridia/'

the second provided with nephridia opening into the coelom.

This last may further be subdivided into those in which the

genital funnel retains its independent opening to the ex-

terior, and those in which this opening has been lost. The

latter may again be classed according to the extent of the

fusion between the funnel and the nephridium, which gra-

dually entirely loses its own nephrostome.

I should not, of course, propose to base a new classification

on our present knowledge of these organs, and the table

must not be taken to represent an attempt at a phylogenetic

classification. Yet it is clear that these results must be

taken into consideration in reforming the classification of the

Polychseta.

In conclusion it may be pointed out that, whereas in most

Annelids, and so far as we know in all other Coelomata, the

genital funnels remain distinct from the nephridia even

when they replace them in function (Mollusca) ; in the Poly-

chseta alone they become variously connected with each

other, and in the majority of cases the genital funnel be-

comes so intimately fused with the nephridium to form a

compound excretory and genital duct, that a study of the

adult anatomy alone of these worms would probably never

suggest that the organ is formed by the grafting of the one

on to the other.

The Polychgete segment, then, is provided with two organs,

the one a genital duct, the other an excretory nephridium.

In some cases these organs remain separate, but in most

Polychgetes a connection is established between them, a fusion

takes place, and the resulting organ may fulfil either or both

of their primitive functions.

Proposed Nomenclature.

The excretory and genital ducts of the Polychaeta have

proved to be of so complicated a structure that it becomes

necessary to revise the nomenclature to avoid confusion, and
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to enable us to compare these organs with their homologues

in other Coelomata.

To the genital duct of ccelomic origin in general the name

ccBlomoduct^ may be applied. For its special funnel-like

opening, which I have variously designated by the descrip-

tive terms " ciliated organ/' "genital funnel," and "peri-

toneal funnel "
(8, 10, 11, and 12), I propose the name coelo-

mostome.
When, as in the Annelids, the ccelomostome still fulfils its

primitive genital function, it may be termed, more particu-

larly, the Gonostome.
For the primitive excretory organ, such as is found in

Nereis or Capitella, the name Nephridium must of course

be retained, and its ccelomic opening called the nephri-

diostome; but, for its closed representative in the Neph-

thyidte, Glyceridse, and Phyllodocidte, and for closed "head-

kidneys," the term Protonephridium might, perhaps, be

used with advantage. It is the name proposed by Hatschek

for the closed nephridia of the Platyhelminths. The tube-

bearing cells have already been called Solenocytes ('Proc.

Int. Congress Zoology,'' 1898, pp. 196 and 12).

The ordinary wide-mouthed segmental organs of the Poly-

chaeta, formed by the fusion of the nephridium with the

genital funnel, may be called Nephromixia.^ Thus a

nephromixium = a nephridium + a ccelomostome.
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EXPLANATION OF PLATES 37—42,

Illustrating Mr. Edwin S. Goodricli's paper on " The Nephri-

dia of the Polychseta.^'

PLATE 37.

Fig. 1.—Enlarged view of the right side of a median segment of an imma-

ture female Van ad is Formosa, showing the genital funnel and the nephri-

dium by transparency. From the living.

Fig. 2.—Portion of a section through two branches of the nephridium of

Aleiope cantrainii, showing the nuclei of the solenocytes. Cam. oil im.

Fig. 3.—Enlarged view of the extremity of the nephridium of Aleiope

cantrainii. Only two branches are represented. From the living.

Fig. 4.—Arrangement of the tubes of the solenocytes in sliort rows, between

which the outer cilia can work.

Fig. 5.—Enlarged view of the terminal enlargement and external pore of

the nephridial canal of Aleiope cantrainii. From the living.

Fig. 6.—Enlarged view of the inner end of the nephridium, and the rudi-

mentary genital funnel in a young Aleiope krohnii; 11th segment.

Fig. 7.—Similar drawing of these structures in the 17th segment of the

same worm.

Fig. 8.—Longitudinal section of Aleiope cantrainii, ripe male, showing

the genital funnels and nephridial canals filled with spermatozoa. Cam.

PLATE 38.

Fig. 9.—Enlarged view of a small portion of the nephridial canal, with its

solenocytes, drawn from a living Asterope Candida. Cam. Oil. im. jJ^,

oc. 6.
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'Figs. 10, 11, and 12.—Three sections of the nephridium of Eteone
siphonodonta. Fig. 10 from a transverse section, and fig. 11 from a longi-

tudinal, show the subdivision of the lumen into primary and secondary canals.

Fig. 12, from a longitudinal section, shows the rudimentary genital funnel.

Cam. D, oc. 3.

Fig. 13.—Enlarged view of a portion of the inner end of the nephridium of

Phyllodoce laminosa.

Fig. 14.—Inner branched end of the nephridium of Phyllodoce
paretti. Cam. D, oc. 3.

Figs. 15, 16, and 17.—Three transverse sections, from behind forwards, of

the nephridial duct and genital funnel of an immature Eulalia punctifera.

Cam. D, oc. 3.

PLATE 39.

Fig. 18.—Longitudinal vertical (sagittal) section through three segments of

a ripe male, Eteone lac tea, showing the genital funnels opening into the

nephridial ducts. Cam.

(In this and the next two figures the spermatozoa are not represented.)

Fig. 19.—Similar section through a ripe male Irma latifrons. Cam. A,

oc. 3.

Fig. 20.—Similar section through a ripe male Pionosyllis, sp. Cam. A, oc. 3.

Fig. 21.—Similar section through an immature Eunice sanguinea.

Fig. 22.—Longitudinal horizontal (frontal) section through Ophiodromus

flexuosus, immature female. The ova are shown in one segment only. Cam.

L. 4, oc. 3.

PLATE 40.

Figs. 23 and 24.—Longitudinal vertical sections through a ripe male

Eulalia punctifera; from sections lent by M. Gravier. Solenocytes are

seen in the second figure only. Cam. A, oc. 3,

Figs. 25 and 26.—Two longitudinal sections through the junction of the

same genital funnel with the nephridium in a segment of an immature female

Ophiodromus flexuosus. Cam. D, oc. 4c.

Fig. 27.—Half a transverse section of an immature male Eulalia

punctifera (cf. Figs. 23 and 24) showing the nephridia, and developing

genital funnel. The lower nephridium is cut through near its external

aperture, the upper one near its anterior blind extremity. Cam. AA, oc. 2.

Fig. 28.—Longitudinal section through the junction of the genital funnel

and the nephridial duct in an immature male Eulalia punctifera (the same

specimen is represented in Fig. 27). Unripe spermatozoa are seen in the



THE NEPHRIDIA OP THE POLYOHiETA. 747

genital funnel. There is as yet no direct communication between the cavities

of tlie two organs. Cam. oil ini. y\-, oc. c.

Fig. 29.—Similar section throui^h the junction of the nephridiura and the

genital funnel in a ripe male Eteone lac tea (from whicli specimen fig. 18

has already been given). The communication is established, and ripe

spermatozoa can be seen further down the nephridial duct. Cam. oil im. ^j,
Oc. 4 0.

Fig. 30.—Similar section througli the junction of the genital funnel and

nephridium in Pionosyllis sp. (same series as Fig. 20). The actual opening

of the one into the other is not cut through. Cam. oil im. j^, oc. 3.

PLATE n.

Fig, 31.—Two halves of transverse sections through a segment of Noto-
mastus latericeus, showing the genital funnels. An asterisk marks the

level of the genital pore. On the left hand side the backward prolongation

of the lip of the funnel is seen ; but it does not reach the nephridium.

Fig. 32.—Similar sections farther back, showing the nephridium. The

level of the nephridiopore is marked by an asterisk.

Fig. 33.—Portion of a longitudinal vertical section of a Nephthys cseca,

into the coelom of which some Indian ink has been injected. The nephridium

and genital funnel (ciliated organ) are cut through, and the latter is seen to

dip into a sac in which are accumulated numbers of amcebocytes loaded with

the insoluble black granules. Cam. D, oc. 2.

Fig. 34.—Optical section of the nephridium from an anterior segment of a

young Trypanosyllis. From the living. Oil im. ^Vj oc. 3.

Fig. 35.—Portion of a longitudinal section of a young Syllis vivipara

(median segment) passing through the nephridial funnel. Cam. Oil im. J^»

oc. 4 c.

Fig. 36.—Optical section of the nephridium of a posterior segment of a

mature Syllis vivipara. From the living. Oil im. J^^, oc. 6 c.

Fig, 37.—Portion of a longitudinal section of a segment of the non-repro-

ductive region of Haplosyllis spongicola passing through the nephridial

funnel. Cam. Oil im. y^, oc. 4 c.

Fig. 38.—Transverse section (somewhat oblique) through a median segment

of a ripe male, Pionosyllis sp. As in fig. 20, the spermatozoa are omitted. Tlie

genital funnel shows on the left, and the nephridial duct on the right. Cam.

A, oc. 3.

Fig. 39.— Portion of a transverse section of a non-productive segment of

Haplosyllis spongicola, showing the lower lip of the nephrostome, and

the upper lip (=: rudimentary genital funnel ?). Cam. Oil im. ^, oc. 4c.
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PLATE 42.

Fig. 40.—Portion of a longitudinal vertical section through a median

segment of Euphrosyne foliosa, showing the nephridium, partly indicated

by dotted lines. Cam. D, oc. 2.

EiG. 41.—Enlarged view of the nephrostome of Praxithea (Nereis)

irrorata. From the living.

Fig. 42.—Enlarged view of the nephrostome of Nereis longissima.

From the living.

Fig. 43.—Some of the ciliated processes of the same nephrostome.

Fig. 44.—Enlarged view of the nephrostome of Lipephile (Nereis)

cultrifera. From the living.

Fig. 45.—Some of the ciliated lobes of tiie same nephrostome, with the

nuclei stained.

Fig. 46.—Enlarged view of the anterior portion of the nephridium of a

female Polygordius neapolitanus, in optical section.

Fig. 47.—Portion of transverse section of an immature Polygordius
neapolitanus, showing the nephridium. Cam. D, oc. 3.

Fig. 48.—Semidiagrammatic reconstruction of the extremity of one of the

branches of the "head-kidney" of a larval Polygordius sp., showing the

solenocytes. The exact relative position of the tubes and the web is still

uncertain (see page 716).

Fig. 49.—Enlarged view of the nephrostome of a larval A.renicola (page 729).

Fig. 50.—Reconstruction of the fused genital funnel and nephridial duct in

a mature Irma latifrons, seen from in front.

Fig. 51.—Reconstruction of the fused genital funnel and nephridium of a

mature Alciope cantraiuii, seen from the side.
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Nouvelles Observations sur les Peripatus de la

Collection du Muse'e Britannique.

Par

E. li. Bouvicr,

Professeur au Museum d'Histoire Naturelle de Paris.

M. LE Peofesseue Ray Lankestee ayant eu I'aimable obli-

geance de me communiquer ce qui restait d'Onycliophores au

British Museum apres son premier envoi, j'ai pense qu'il

serait utile de faire connaitre les observations que ces ma-

teriaux complementaires m'ont permis d'effectuer.

La presente note est done la suite naturelle du court

travail que j'ai publie, il y a quelques mois,^ sur la premiere

partie de la collection de Peripates andicoles.

Dans le deuxieme envoi, les Peripates andicoles etaient

representes par un second exemplaire femelle de Peripatus
Lankesteri Bouv. . Ce specimen differe du premier par

ses appendices ambulatoires plus nombreux (38 paires au lieu

de 37), et surtout par sa taille remarquablement grande : la

femelle type mesurait 35 mill, sur 5, tandis que celle qui

nous occupe n'a pas moins de 82 mill, de longueur sur 9 de

largeur maximum. Malgre tout, les caracteres de cette

femelle sont exactement ceux qui appartiennent au type, les

seules differences appreciables etant la coloration uniforme-

ment noiratre de toutes les papilles, la presence de deux

petites dents a la base des griffes maxillaires, et le developpe-

ment de papilles accessoires qui viennent, surtout dans les

grands plis, s'intercaler tres regulierement parmi les papilles

principales.

Get exemplaire m'a permis de constater que la taille des

^ E. L. Bouvier, " Observations sur les Onycbophores de la collection du

Musee Britannique," 'Quart. Journ. Micr. Sci.,' vol. xliii, p. 367, 1900,
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jeunes augmente avec les dimensions de la femelle qui les

porte. Dans la branche uterine droite so trouvait, en effet,

un embryon mur qui avait 32 mill, de longueur et 3 mill, de

largeur maximum ; ainsi cet embryon etait presque aussi

grand que la femelle adult e du premier envoi, d'ou I'on peat

conclure que cette derniere donnait surement des jeunes bien

plus petits.

Dans cet embryon les petits plis tegumentaires sont rela-

tivement plus reduits que ceux de I'adulte et depourvus de

grandes papilles principales, les papilles accessoires ne sont

pas encore apparentes, mais les papilles principales sont deja

nettement differenciees en deux sortes, les grandes et les

petites. Sur le bord posterieur de ^orifice buccal s'observe

tres nettement la plaque cornee et cordiforme qu'on observe,

en cet endroit, dans tons les embryons avances du groupe.

On sait que les Onycliopbores presentent, bien avant la

naissance, le nombre complet de leurs appendices. L'em-

bryon qui nous occupe avait 35 paires de pattes et presen-

tait des papilles sexuelles sur les deux paires pregenitales au

moins ; c'etait, par consequent, un male, et nous voila des lors

fixes sur les caracteres essentiels que presentent les deux

sexes dans cette interessante espece.

J'ajoute, pour terminer, que la seconde femelle avait ete

capturee, comme la premiere, par M. Eosenberg, a Pa-

ramba, c'est-a-dire a 70 milles environ au N. de Quito.

Peripates caraibes.—Pour la commodite de cette etude,

je diviserai les Peripates caraibes en trois groupes ; ceux qui

ont pour type le P. jamaicensis Gr. et Cook, ceux qui se

groupent naturellement autour du P. juliformis Guild,

enfin les especes fort nombreuses qui se rattachent plus ou

moins directemeut au P. Edwardsi Blanch. .

1. Groupe du P. jamaicensis.—Ce groupe est carac-

terise par de tres nombreuses paires de pattes (40 environ),

par I'irregularite des plis tegumentaires, et par I'uniformite

des papilles, qui sont petites et tres serrees. II ne comprend

qu'uue seule espece dont je renvoie I'etude a la fin de cette

note.
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2. Gri'oupe du P. juliformis.—Les femelles de ce

groupe ont presque toujours de 30 a 34 paires de pattes, et

les mA,les des papilles sexaelles sur les trois paires pregeni-

tales pour le moins ; on en trouve parfois sur les 8 paires

pregeuitales dans le P. Sedgwicki Bouv., il y en a tou-

jours moins dans le P. juliformis et dans une autre espece

qui appartient au meme groupe, le P. Brolemanni Bouv. .

Toutes ces especes sont caracterisees par des papilles prin-

cipales de deux sortes, des petites et des grandes, les pre-

mieres s'intercalant entre les secondes, et etant accom-

paguees de papilles accessoires qui comblent, tres impar-

faitement, I'espece compris entre deas grandes papilles

principales consecutives.

Dans le materiel que m'a communique le Musee Britannique,

ce groupe n'est represente que par le P. juliformis et par

ses varietes; toutes ces formes ont pour caractere commun
une differentiation tres nette des papilles principales grandes

et petites et une reduction extreme des papilles accessoires.

Dans les exemplaires qui appartiennent a I'espece typique

(P. juliformis Guild.) les petites papilles principales sont

mediocres et accompagnees de papilles accessoires fort eviden-

tes ; dans ceux qui represeutent des varietes de Tespece, les

petites papilles principales sont relativement grandes_, tandis

que les papilles accessoires sont, presquepartout, rudimentaires.

Je range dans la variete d ani c u s Bouv. ceux dont les grandes

papilles principales sont peu nombreuses et irregulierement

disposees, et je propose le nom de var. Gossei ^^our ceux

dont les grandes papilles principales sont peu abondautes et

assez nettement disposees en lignes lougitudinales ondulees.

L'espece typique se trouve <i S. Thomas (Mus. de Copen-

hague) et a S. Vincent ; ses exemplaires femelles ont de 32

a 34 paires de pattes ; les males en ont 29 ou 30, et presentent

une paire de tubercules sexuels sur trois ou quatre paires

de pattes pregenitales.

La variete dauicus parait jusqu'ici propre a S. Thomas;

un male de la collection du Musee Britannique a 28 paires de

pattes, et presente une paire de tubercules sexuels sur cha-
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cune des quatre paires de pattes pregenitales ; une femelle

du Musee de Copeuhague a 33 paires de pattes ; una autre,

douteuse et en mauvais etat, n'eu a que 32.

La variete Gossei est representee, dans la collection du

Musee Britannique, par deux exemplaires femelles qui ont 31

paires de pattes. Ces exemplaires avaieut ete consideres par

M. Pocock comme des P. jamaicensis; ils ont ete recueillis

par Gosse, a la Jamaique.

3. Groupe du P. Edward si.—Les nombreuses especes

de ce groupe ont un nombre de pattes plus restreint (30 en

moyenne chez les femelles, et parfois sensiblement moins)

que les precedentes ; les papilles principales y sont le plus

souvent subegales, mais beaucoup d'especes en presentent

des grandes et des petites
;
quant aux papilles accessoires,

tantot elles sont tres nombreuses et bien developpees, ce

qui est le cas le plus frequent, tantot elles sont tres reduites

ou manquent meme a peu pres completement dans la region

mediane du dos (P. Ohausi Bouv.). Dans toutes les especes

dont les males sont connus, on ne trouve de papilles

sexuelles que sur les deux paires de pattes pregenitales.

Pour le lot que j'etudie, les especes de ce groupe sont le

P. dominicee Pollard, le P. trinidadensis Sedgw., le P.

Simoui Bouv., et le P. brasiliensis Bouv. .

Le P. dominicae ressemble au P. juliformis par ses

papilles principales qui sont de deux sortes bien tranchees,

mais ses papilles accessoires sont fortes, nombreuses, et

remplissent completement I'espace compris entre les papilles

plus grandes. Les males que j'ai eus entre les mains pro-

venaient d'Oxford, et avaient 25 paires des pattes; les

femelles en comptaient 29 ou 30 paires; dans une femelle du

Musee de Copenhague le nombre des pattes s'elevait a 31

paires. L'une des femelles du Musee Britannique est le

type de I'Hunara Shawiana de Leach; I'etiquette, ecrite

de la main de cet auteur, est libellee de la mauiere suivante

:

"Nereis pedata, Hunara Shawiana mihi." Les

maxilles des embryons murs sont depourvues de denticules

et de scie, mais il suffira d'une mue pour faire apparai-
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tre ces formations, qui se voient deja sous la chitiue

superficielle.

Le P. trinidadensis se fait remarquer par Tabondance

et la disposition irreguliere de ses papilles accessoires, qui

passent par tous les degres aux papilles principales ; ces

dernieres se diiferencient parfois, surtout chez les petits

exemplaires, en grandes papilles blanchatres et en petites

papilles de couleur plus foncee, mais la difference de taille

entre ces deux sortes de papilles est infiniment moins

tranchee que dans le P. dominicee. Cette espece est propre

a la Trinite, tandis que la precedente n'est connue qu'a la

Dominique. Les nombreuses femelles de la collection du

Musee Britannique out de 29 a 31 paires de pattes; les males

en ont 28.

Le P. Simoni ressemble au P. Edward si par ses papilles

principales subegales et par ses papilles accessoires assez

nombreuses, mais ses papilles principales sont basses et

francliement couiqueSj ses pattes sont tres largement separees,

son corps est long et grele, et sa coloration d'un rouge

brunatre uniforme. On ne connait pas les males de cette

espece. Les trois femelles (du Musee Britannique) furent

capturees a Beeves, sur TAmazone ; taudis que les deux du

premier envoi avaient I'une 29, I'autre 31 paires de pattes,

celle du second n'en comptait pas plus de 28 paires.

Les P. brasiliensis compris dans le second envoi pro-

viennent de Santarem comrae ceux du premier; ils sont

representes par deux femelles munies de 31 paires de pattes,

par une autre femelle plus petite qui en a 32 paires, et par

un male adulte qui a 29 paires de pattes. Get exemplaire

presente deux papilles sexuelles sur cliacune des pattes des

deux paires pregenitales ; c'est, jusqu'ici, le seul male qui soit

connu dans cette espece ; comme les femelles, il se distingue

par 1'absence complete de toute bifurcation segmentaire dans

les plis dorsaux. C'est la, d'ailleurs, le caractere fonda-

mental de cette espece, celui qui la distingue absolument de

toutes les autres especes des genre Peripatus.

Observations sur les Peripates de la Jamaique.-^
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Les Peripates out ete decouverts a la Jamaique par Gosse,

qui en captura trois exemplaires actuellement conserves dans

les collections de Musee Britaunique. En 1892 ('Nature/

vol. xlvi, p. 514) d'autres individus furent signales par MM.
Grabliam et Cockerell^ et brievement decrites sous le nom de

P. jamaicensis. Depuis M. Grabliam (' Journ. Inst.

Jamaica/ vol. i, pp. 217—220, 1893) est reveuu sur cette

espece, qui aurait, d'apres lui, de 29 a 43 paires de pattes

;

plus recemment (' Zool. Auz./ vol. xvi, pp. 341—343, 1893)

M. Cockerell a signale deux "^ mutations^' du P. jamai-

censis, I'une de couleur homogene noiratre (mutation

Swainsonae), I'autre avec des papilles blanches ejjarses et

le bout des antennes blanc (mutation Gossei); I'un des in-

dividus de la mutation Swainsonae avait 29 paires de

pattes, et Fun de ceux de la mutation Gossei 36 paires.

En 1894 M. Pocock ('Ann. of Nat. Hist.,' t. xxiv, p. 524)

a decrit sous le nom de P. jamaicensis les exemplaires

captures par Gosse, et comme deux de ces exemplaires sent

des femelles ayant 31 paires de pattes, tandis que I'autre est

un male de 37 paires, il conclut que les males de P. jamai-

censis, contrairement a ce que I'on observe dans les autres

Peripates americains, ont plus de pattes que les femelles.

Toutes ces observations sent discordantes et pen en rapport

avec ce que I'on sait de I'organisation des Peripatus; dans

aucune espece du groupe, on ne voit le nombre des pattes

varier dans une aussi large mesure (de 29 a 43 paires), dans

aucune surtout on ne voit les males posseder plus de pattes

que les femelles. Aussi dois-je remercierbien vivement M. le

Professeur Ray Lankester qui, en me permettant d'etudier

les Peripates du British Museum, m'a donne la possibilite de

ieter quelque lumiere sur cette interessante question.

Les exemplaires captui^es par Gosse ' appartiennent en

realite a deux especes differentes ; I'une qui a de nombreuses

paires de pattes et a laquelle je conserve le nom de P.

jamaicensis, I'autre qui a des pattes moins nombreuses et

que j'ai designee plus liaut sous le nom de P. juliformis

var. Gossei.
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1. P. jamaicensis.—L'exemplaire a 37 paires de pattes

recueilli par Gosse appartient a cette espece ; comme I'avait

observe M. Pocock, c'est un male muni de papilles sexuelles

sur les deux paires de pattes pregenitales. Outre cet exem-

plaire, j'ai pu etudier une femelle a 40 paires de pattes de la

collection du British Museum (femelle qui renfermait un

embryon mur a 41 paires) et deux exemplaires de meme sexe

que m'a gracieusement donnes M. Sedgwick, de Cambridge.

Ces deux exemplaires provenaient directement de MM.
Grabham et Cockerell; ils avaient 39 on 40 paires de pattes,

et I'un d'enx renfermait des embryons mnrs ayaut 40 paires

de pattes.

De ces observations il semble deja qu'il est possible de

conclure que les specimens a pattes nombreuses ferment une

espece particuliere, et qu'ils n'out aucune relation avec ceux

dont le nombre des pattes descend aux environs d\ine tren-

taine. En fait, ces exemplaires presentent tous des caracteres

speciaux et ne ressemblent {\ rien aux autres Peripatus

d'Amerique. Leurs plis sont converts de petites papilles ordi-

nairement uniseriees, et separes par des plis plus reduits oii se

trouvent des papilles beaucoup plus petites. Les plis a grandes

papilles sont assez reguliers, sauf sur les flancs, on ils out une

tendance a se confondre ; mais les plis a petites papilles

sont bien plus irreguliers et se fusionnent par intervalles

avec les principaux. J'ajonterai que, dans mes specimens,

la papille urinaire anormale des pattes IV et V se continue en

dessus avec le 3^arceau des soles pedieuses, et que le nombre

des grands anneaux des antennes ne parait pas s'elever a

40, tandis qu'il est de 45 environ dans les autres especes

americaines.

D'ailleurs, par leur coloration et la taille de leurs papilles,

ces exemplaires peuvent se rattaclier a deux types : I'un

dont la couleur foncee est absolument uniforme, jusqu'au

bout des antennes, et qui parait correspondre a la mutation

Swainsonge de M. Cockerell; I'autre qui a des papilles

blanches eparses un pen plus grosses et le bout des antennes

blanc ; ce dernier appartient certainement a la mutation



756 E. L. BOUVIKB.

Gossei. L'embryon extrait de la feraelle de ce type

ressemble absolument a la mere.

2. P. juliformis var. Gossei.—Les deux autres exem-

plaires recueillis par Gosse sont partout, meme au bout des

antennes, d'une teinte uniforme d'uu brun jaunatre ; il est

manifeste d'ailleurs qu'ils out subi une forte decoloration.

Dans un exemplaire de la meme variete recueilli par M.

Swainson, la couleur est d'un brun violace avec une teinte

un peu plus claire a Textremite des antennes. Tons ces

exemplaires sont des femelles ; les deux premiers ont 31 paires

de pattes, le dernier en a 33 paires.

Par le nombre de leurs appendices, ces exemplaires rap-

pellent en consequence le P. juliformis Guild.; ils se rap-

proclient egalement de cette espece par la disposition de

leurs papilles principales, qui sont de deux sortes : les unes

grandes et de teinte plus claire, les autres plus reduites et

intercalees dans cbaque pli entre les precedeutes. D'ailleurs

les plis sont fort reguliers et ne sont pas separes, comme

dans I'espece precedente, par des rangees de petites papilles.

II est probable que les males de cette forme ont des papilles

sexuelles sur les quatre paires de pattes pregenitales, comme

les P. juliformis typiques.

La forme qui nous occupe se distiugue d'ailleurs de ces

derniers par ses papilles principales intercalaires, qui sont

bien plus grandes, bien plus serrees, et qui sont rarement

accompagnees de papilles accessoires. Dans plusieurs ex-

emplaires les grandes papilles principales ferment des lignes

longitudinales sinueuses, qui rappellent jusqu'a un certain

point la mutation Gossei du P. jamaicensis. Je propose

pour cette forme de la Jamaique le nom de P. juliformis

var. Gossei.

3. Conclusion.—De ce qui precede on pent conclui'e :

(1) que les Peripates decrits jusqu'ici sous le nom de P.

jamaicensis appartiennent en realite a deux especes fort

differentes, I'une qui merite de conserver le nom de P.

jamaicensis, I'autre qui est une variete du P. juli-

formis; (2) que la premiere de ces especes a de 36 a 43
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paires de pattes, et qu'elle se presente sous deux formes

differenteSj Fune de teinte sombre uniforme (mut. Swain-
sonae), I'autre piquetee de blanc et remarquable par la

teinte blanche que presente I'extremite des antennes (mut.

Gossei)
; (3) que la seconde a des pattes moins nombreuses

(31 a 33 paires chez les femelles, moins certainement chez les

males), et qu'elle rappelle par la disposition de ses papilles le

P. juliformis.

Je suis persuade que I'exemplaire a 29 paires de pattes,

attribue par M. Cockerell a la mutation Swainsonse, est un

male de P. juliformis var. Gossei; et que I'exemplaire a

36 paires de pattes de la mutation Gossei est un male

d'ailleurs regulierement denomme. II serait a desirer que

I'administration de I'Institut de la Jamaique voulut bien me
communiquer les exemplaires types qu'elle possede, afin de

regler definitivement ces diverses questions.

J'ajouterai que le specimen de la Dominique remis au

British Museum par M. G. F. Angas est un P. dominicas
des plus typiques, et non point, comme le croyait M. Pocock,

un P. jamaicensis.
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